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ABSTRACT 
EXPLORATION OF FORMATION OF ELEMENTARY SCHOOL STUDENTS' 
CONSTRUCTS REGARDING DECOMPOSITION OF ORGANIC MATTER 
MAY 1994 
TEREZ WALDOCH, B.S., MOUNT MARY COLLEGE 
M.A., UNIVERSITY OF MASSACHUSETTS AMHERST 
Ed.D., UNIVERSITY OF MASSACHUSETTS AMHERST 
Directed by: Professor Richard D. Konicek 
Much research has been conducted in the area of 
children's alternative ideas. However, little is known 
about their ideas in the biological sciences at a time when 
there is growing concern for an understanding of 
environmental and global issues. 
The purpose of this study was to explore the formation 
and revision of students' constructs as expressed through 
different tasks relating to the cycling of organic matter 
over a period of three months. 
A qualitative research method was employed in the 
traditional approach of exploratory investigation. 
Children, ages 8, 10, and 12 years old, participated by 
observing the process of decay (plant and animal) in a 
natural setting on the school grounds. Data were collected 
by means of regularly scheduled observations, loosely 
constructed interviews, and a review of participant records 
of their experience. 
The data were examined for indications of children's 
thinking about the process and causes for decomposition. 
t • 
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the language used to express their thinking, including 
their idiosyncratic explanations for the phenomena observed 
and their expectations and predictions for events to come. 
The participants demonstrated through various types of 
language expression that they thought organic matter 
disappeared into the earth. Furthermore, they thought the 
cause of decay was physical and/or biological in nature. 
It was also discovered that the participants held a variety 
of personal theories which they used to explain aspects of 
the phenomenon. 
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CHAPTER I 
INTRODUCTION AND BACKGROUND 
The amount of information and the speed at which it 
can be disseminated has increased at a rapid rate in recent 
years. There is every reason to believe that this global 
phenomenon will continue to occur. The fields of science 
and technology have expanded to over 50,000 distinct 
disciplines, with the national economy becoming more 
dependent on advances in these fields and global 
competition becoming even greater (DeHart Hurd, 1990). 
With the amazing power of technology, new information 
continually emerges, which also increases the awareness of 
global responsibility. 
Over the past decade, international groups have met 
and made depressing predictions about the future of our 
planet. Governments have been faced with the economic 
effects of the public's ignorance and their lack of action 
pertaining to certain issues. It is becoming more apparent 
that the most serious problems that science faces are 
global: conservation of energy, protection of natural 
resources, preservation of the diversity of animal species, 
controlling environmental pollution, as well as a host of 
social issues. Although we as a global community are still 
in the early stages of taking action, no individual group 
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or country is denying the importance of pursuing these 
global interests. 
A major principle in understanding this complex 
situation has to do with systems and cycles. Living 
organisms and the natural systems of the world operate 
under the same basic principle of cycling of matter and 
energy in the physical environment. In these cycles, the 
total amount of matter and energy remains constant, 
although the form and location continue to change. 
The simplest organisms as well as entire ecosystems 
are involved in the cycling of energy which originally 
comes from the sun. Individual plants capture the sun's 
energy and use it to synthesize sugars from carbon dioxide 
and water. This process provides energy for the plants 
themselves and the feeders of these plants, including the 
decomposer organisms such as bacteria and fungi. In this 
food web, some energy is passed on to the organisms that 
consume it, some is stored in the structures and some is 
dissipated into the environment as heat produced by the 
energy-releasing chemical processes within the organism. 
Similar energy-releasing cycles occur within the marine 
organisms. Elements that make up the living organisms are 
recycled by being passed along the food web to become 
usable for plants again. Over all, the process of 
maintaining the total biomass is constant. Organisms are 
decomposing at about the same rate as new life is being 
synthesized. 
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Millions of years ago there was an important 
disruption in the cycling of matter when the increase of 
organisms exceeded the ability of decomposers to recycle 
them. The resulting layers of organic material provide 
stored energy in the form of coal and oil. 
In order to maintain a balance in nature, humans as 
conservators of the planet must accept the responsibility 
of monitoring the source of energy, minerals and water so 
necessary for all life forms. If we humans are reckless 
users of the available resources, the ecosystem draws upon 
the stored resources of biomass, further depleting them. 
Apparently, in considering the future of the earth, it 
is important to prepare the children for the conservation 
responsibilities which they will assume before very long. 
What children think and know about the environment and the 
ecological processes is, by necessity, a major concern for 
educators. 
It is no surprise that scientific literacy, which 
combines the fields of science, mathematics and technology, 
has become the central goal of education. A basic mandate 
of Project 2061 holds that schools do not need to teach 
more and more content, but rather to focus on what is 
essential to scientific literacy and to teach it more 
effectively (Rutherford & Ahlgren, 1989). Regardless, 
preparing children for an active role in such a world has 
placed a tremendous expectation on teachers. It is not a 
simple task to determine what should be taught, nor is it 
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realistic to think that teachers can keep up with the 
information explosion by themselves. Teachers need to look 
at their complex duty as something other than presenting 
information necessary for children to thrive in the ever 
changing world. That simply is no longer a possibility. 
Fortunately, dispensing information is not the most 
economic way for teachers to prepare children for their 
future in this world. 
Children have an active part in their own learning 
process. Learning happens as children perceive and 
interact with the world about them. It is the nature of 
the child to question and to attempt to make sense out of 
events in his world. This process often occurs before any 
intervention from others can take place. Much of what 
children think about the workings of the world is 
spontaneous, often taking place before formal instruction. 
Statement of the Problem 
Although the learning process is a very individual one 
on the part of the child, it can cause difficulty for 
further learning if the child's ideas are not compatible 
with the ideas of others, particularly the "experts." 
Students' alternative ideas can also lead to more accurate 
understanding. It is well supported by research that 
children's ideas play a powerful role in science learning 
(Driver et al., 1985, Duckworth, 1987, White & Gunstone, 
1992). However, the difficulty for teachers and students 
is that many of these naive ideas pose a block for further 
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learning. Students hold fast to their personal ideas even 
when confronted with contradictory experiences. They may 
often use words which on the surface indicate 
understanding, but deeper investigations of their knowledge 
prove otherwise. Teachers have the tasks of ascertaining 
what individual students possess as their knowledge base 
and then determining which strategy(ies) to employ in 
designing appropriate instruction. This is complicated by 
a variety of factors. To name a few: 1) all children do 
not possess the same prior knowledge about a topic, which 
would make group instruction easier; 2) children are 
frequently unable to adequately communicate their 
understanding of a subject, nor do they see inconsistencies 
between the scientific explanation and theirs; and 3) the 
fact that children's prior ideas seem to have been helpful 
to them for a substantial period of time. 
Researchers in education, science education and 
psychology have recently focused their attention on 
children's ideas from a different perspective than in the 
past. The have done extensive work to label many of the 
common misconceptions in the various sciences. They have 
also uncovered important characteristics of these ideas and 
have even attempted to distinguish between categories, 
(i.e., naive ideas, erroneous ideas, misconceptions, 
alternative ideas, etc.). The focus on concept change has 
resulted in the development of curriculum strategies 
designed to bring about a replacement of erroneous ideas. 
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Certainly, a great deal of study and field work is being 
accomplished in this area of learning theory. 
There appears to be a considerable amount of 
literature concerning children's intuitive ideas in the 
physical sciences and a relative lack of research on this 
topic in the biological sciences (Simpson & Arnold, 1982). 
Many researchers in the field have suggested that the 
conceptual differences between the two domains result in 
the use of different conceptual frameworks by learners 
(Shayer, 1974; Kelly, 1979; Lawson, 1988). 
Some questions that frequently arise concerning 
misconceptions in the different knowledge domains center 
around the perceived difficulty of the physical sciences 
and the impression that the biological sciences contain 
phenomena easily observed on a daily basis. Although the 
research does not support this thinking, further study into 
how children think about biological phenomena is warranted. 
Much of the research into children's thinking takes 
place in static situations in which children attempt to 
articulate their models of understanding. In some 
situations the subjects engage in a task designed to 
stimulate their thinking. In others, the subjects are 
given the opportunity to observe a phenomenon at a 
particular moment in time. In still other designs, 
subjects are given probes that stand for something 
happening elsewhere. There are limited data, however, 
involving students reacting to a phenomenon as it 
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progresses over a period of time. An in-depth examination 
into how children think about some biological phenomenon as 
the process occurs naturally would allow the researcher to 
capture children's thinking as it is formulated and 
reformulated over a period of time. 
Purpose of the Study 
The new thinking in educational research has taken the 
direction toward the study of knowledge being developed 
within the person, called learning process studies (Duit, 
1993). Instead of accumulating more data about additional 
lists of children's alternative ideas and more ways of 
treating these, workers in the field are looking to uncover 
more information about how these ideas work for children 
and some further ways of bringing them to light. The 
purpose of this study was to explore the formation and 
revision of students' constructs as expressed through 
different tasks relating to the cycling of matter, 
specifically decomposition, as it was observed over a 
period of several weeks or months. Through observations, 
interviews and a review of the subjects' own reporting, an 
account of their intuitive ideas about the process and the 
ultimate disposition of matter, including any changes in 
thinking, was recorded. 
My goal was to discover how children articulate and 
revise their thinking when their past theories are 
confronted by new experiences. The use of students' 
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personal constructs provided the background from which to 
view how they process observations. 
These constructs are essentially linguistic structures 
that the individual uses to anticipate new situations, in 
this instance, the decaying matter. The constructs chosen 
by the subjects in this study revealed more than students' 
ideas about the subject. They provided a window into 
students' approaches to and strategies for learning. 
Throughout the study some specific questions were 
considered as basic to the study: 
1) Is there any commonality of conceptual frameworks 
among students? 
2) Are an individual's frameworks consistent across 
a range of tasks? 
3) How does the age of the student affect the 
approach to the tasks? 
4) What outcomes result from the social aspect of 
the learning situation? Is there strong evidence 
of group meaning making? 
Through this study many issues and ideas pertinent to 
children's learning were also considered. Some of these 
are included here: 
1) Is there evidence of students' intuitive or 
learned ideas resulting from this experience? 
Specifically, how does the child's prior 
knowledge affect his or her approach to this 
experience? 
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2) What language is used by children to describe 
what they see happening? Does it reveal ideas 
about their possible world views, such as 
anthropocentric, egocentric and/or nature as 
benevolent? Is there a difference between 
younger and older children concerning use of 
language and these views? 
3) How do children go about deciding how to explain 
something they see or expect will happen? Do 
they have strategies? Are they aware of what 
they need to know first? 
By conducting this study in a natural setting and with 
a gualitative approach, it was expected that other issues 
would emerge as the study progressed. At the heart of this 
study was the belief that, as in all learning, students 
should have an active role in the process. 
Significance of the Study 
By the time children enter a science class or enter 
school, they have some rather firm ideas and expectations 
about things happening in nature. In some cases these 
intuitions are in keeping with those of scientists or 
provide a basis upon which instruction can be built. In 
other instances, children have very different beliefs about 
their world. These are not always apparent to the teacher. 
In addition, different children do not always hold the 
same intuitive ideas. This makes the expectation that 
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children in the same class are supposedly at the same 
readiness level for instruction, unrealistic. 
If learning in a public school classroom is structured 
around large classes of children with varying kinds of 
prior knowledge, and if it is important for teachers to 
take children from where they are and guide them to further 
or more accurate knowledge, the task of assessment is 
imperative. It is also something that should be on-going 
in a classroom. This study will focus on assessment of 
student learning not for evaluation (putting value on 
students through their performance) but as an approach to 
understanding what and how the individual child thinks. 
The data resulting from this study should provide some 
beneficial information about how children think about 
certain phenomena as they are observing them. The 
experience closely mimics a learning situation, making the 
assessment of knowledge acquisition a natural one. 
Recently, teachers are focusing on the process of the 
individual's learning experience in order to evaluate what 
learning has occurred. The ideas about nature that 
children bring to this situation and form throughout the 
experience, can provide insight for the classroom teacher 
as well. In other words, the process of the learning 
experience and the product, or ideas formulated by the 
child, can be looked at separately as a source of 
information for the teacher. 
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The topic of decomposition is not one which comes into 
the curriculum arena in most elementary schools. 
Therefore, the chances that the children involved in this 
study would have any previous instruction in this matter, 
is minimal. This study, consequently, will explore an area 
where children should have mostly intuitive ideas about the 
material, or form intuitive ideas at the time of the 
experience. 
The fact that I am a teacher conducting this research 
allows me to contribute a fair amount of practical 
knowledge about children to the research setting. It 
allows me to recognize when a child is responding without 
inhibitions and also pick up on personal issues that might 
affect the child's participation. 
The children participating in this study were not 
members of my current class. That was intended to 
encourage an attitude of companionship between the children 
and me, allowing for openness and honesty. 
Most importantly, the significance of this study lies 
in the fact that it might provide some insight into the way 
children form constructs that explain their thinking. 
These data should provide the groundwork from which other 
studies can be conducted. 
Assumptions 
1. Children do not have theories about phenomena 
they haven't consciously experienced. They are 
also not particularly interested in what happens 
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to something after it dies, since it is a 
phenomenon with little effect on their daily 
lives. When presented with topics lacking 
previous salience, it is expected that the 
children will form explanations in order to 
communicate with the interviewer. Through 
involvement with the project, the topic has 
importance for the students. 
2. Changes in thinking are brought about by changes 
in the experience, in the way an individual views 
the same experience (reflection), or through new 
experiences. The process of learning involves 
either the structuring of ideas or the 
restructuring (changing) of one's ideas about a 
specific topic. 
3. The intuitive ideas children possess from their 
own experience are less amenable to change than 
misconceptions which arise from instruction. If, 
after instruction, children are lacking 
information crucial to the forming of scientific 
views, this can be remedied more easily than if 
the knowledge comes from children's experience 
and has meaning they have constructed on their 
own. 
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Clarification 
Limitations of the Study 
Children can frequently detect the intention of the 
teacher. In the process of questioning a child, the 
teacher may be met with answers a child thinks the teacher 
wants to hear rather than answers resulting from the 
child's reasoning about the topic. This may be the result 
of instructional techniques where the teacher is probing 
for "right answers." It may also occur in spite of the 
efforts on the part of a teacher/researcher to make the 
experience a natural and collaborative exploration for the 
participants. The situation would require that in the 
interview sessions the teacher/researcher be alert to this 
possibility and recognize how the tendency might be 
revealed. Children generally are repulsed by rotting 
matter and may have difficulty putting this initial 
reaction aside in order to carry out the interview. 
Furthermore, this characteristic of some children may not 
have been discovered in the initial screening interview. 
The study took place out-of-doors. During the cold 
months, this presented the possibility of inhibiting the 
free flow of ideas on the part of the young children. It 
was not always known to the participant or the participant 
observer whether the conditions had an effect on the 
interview. 
The small size of the sample (twelve participants) and 
the restrictions established in a naturalistic inquiry. 
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suggest that transferability can be obtained by setting out 
working hypotheses together with a description of the time 
and context in which they were found to hold (Lincoln & 
Cuba, 1985). Whether they hold in some other context may 
not be determined by this study. What can be provided by 
the data is a thick description which could enable someone 
to make a decision about the possibility of a transfer. 
Delimitations of the Study 
The patterns that emerge from this study are not 
expected to determine possible curriculum design changes. 
They are intended to suggest some considerations and 
directions to be taken with regard to curriculum design. 
In keeping with the qualitative design 
characteristics, there will be no attempt to generalize the 
findings with the intention of applying them to other 
populations. This task may be suggested for someone who 
finds the possibilities contained within the data. 
While it was expected that information concerning 
children's prior knowledge about cycling of matter would be 
revealed throughout the study, there has been no attempt to 
make a complete examination of the individuals' background. 
Their academic standing and socio-economic status should 
have little importance for the purpose of the study. 
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Definitions 
The following definitions represent ideas culled from 
various writings on the general topics discussed in this 
study. In some cases they are not comprehensive 
explanations. However, they should aid in understanding 
the terms as intended by the writer. 
1. Concepts: the products of categorization of 
events or objects within the mind. The representation of 
this mental process is called a concept. "Although each 
object is unique, it is generally identified and named as 
an instance of a class of objects" (McShane, 1991). Every 
concept has a set of necessary and sufficient features that 
defines the concept. In science education concepts are 
generally distinguished from skills by referring to ideas 
rather than abilities. 
2. Frameworks: schemes of ideas the individual has 
incorporated through the process of accommodation. In this 
process, ideas that have been assimilated into one's bank 
of information, are combined, restructured and 
reinterpreted and therefore personalized. When speaking of 
alternative frameworks, the ideas an individual possesses 
do not conform to the scientific view. Framework, in this 
sense of the word, refers to conceptual frameworks or 
mental structures. Concepts are combined into larger 
structures called frameworks or conceptual frameworks. 
3. Intuitive Ideas: Ideas that arise from 
experiences prior to instruction. These ideas are not 
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necessarily erroneous, but generally lack in 
sophistication. References to intuitive ideas in children 
usually center around their common explanations of 
phenomena. 
4. Personal Constructs: linguistic expression of 
one's understanding of personal experiences. George Kelly 
(1955) initiated the use of this word in his personal 
construct psychology. Constructs are used to anticipate 
events and direct one toward action.. 
Man looks at his world through transparent 
templates which he creates and then attempts to 
fit over the realities of which the world is 
composed. (Kelly, 1955, pp. 8-9) 
5. Misconceptions: personal models that are used to 
explain a certain phenomenon that are not accepted by the 
scientific community. 
6. Knowledge: information or general thought 
structures acquired through the process called learning. 
An essential characteristic of this process is its 
uniqueness to the individual. Another feature is that 
knowledge is the result of experience with the world. 
Knowledge may be general or shared by many. In this sense, 
the basic elements of the information are shared. 
Approach to the Study 
The main methodologies for qualitative inquiry, 
participant observation and clinical interviews, comprise 
the major components of for this research. In this type of 
study, the researcher as a participant observer interacts 
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with the subjects in order to be socialized into the group 
under investigation. Through this method, with the human 
observer as the main data-gathering instrument, more 
flexibility is possible in adapting to a complex research 
situation. Biases that result from the interaction between 
the investigator and the subject can be identified and 
accounted for by the human observer (Borg Sc Gall, 1989). 
Another appropriate characteristic of the clinical 
interview is the openness of the responses. Questions are 
asked that have an unlimited range of possible responses 
and that yield detailed answers. 
In designing the current research model, the clinical 
task-based interview was chosen in order to provide a more 
comprehensive view of what was taking place. Children were 
asked to verbalize their thoughts as they routinely 
observed the setup of decaying objects and kept logs of 
each visit to the site. Questions were minimally 
structured, with the intention that the unique situation of 
each child's session would give direction for the 
questioning. The tasks contributed to the natural setting 
allowing the children to be engaged in a learning activity 
and thus reducing the self-conscious effect of the 
interview setting. 
Analysis of Data 
Data gathered from taped interviews of the observation 
session were categorized according to certain themes that 
emerged from the transcript. Written records of 
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information provided by the subjects also contributed to 
the data. The material gathered from these aspects of the 
study was expected to explore specific knowledge themes 
concerning decomposition: 
1. Are the causes for the observed phenomena the 
result of action on the object by an external 
agent? 
2. Are the causes internal, arising from something 
inside that changes or affects change? 
3. Is there an understanding of interaction, a 
result of the exchange between the object and 
some part of the environment? 
The personal constructs generated provided further 
means of analyzing and reflecting on the subjects' process 
of thinking and rethinking about the topic. As the study 
progressed, new constructs representing the knowledge 
acquisition on the part of the subjects were expected to 
emerge, replacing old ones. Some attributes that were 
anticipated at the outset are: 
1. Relationship between prior knowledge and the 
frequency of misconceptions. 
2. Consistency of misconceptions across tasks. 
3. Evidence of concept change as a result of this 
study. 
4. Evaluation of the individual's understanding of 
the topic of decomposition through analysis of 
personal constructs. 
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The combination of the several different approaches to 
understanding how children learn science should provide a 
depth of insight into the individual child's repertoire of 
expression. 
Summary of Chapters 
Chapter 1 presents the problem facing science teachers 
today. It discusses the global aspect of the topic of the 
study: decomposition. Further, it suggests questions about 
children's thinking that were expected to be answered as 
the study unfolded. 
In Chapter 2, the topic of this study, children's 
thinking about decomposition of organic matter, dictates 
that the literature review include an overview of 
children's learning as well as a review of the research 
relevant to this area of biological studies. Therefore, 
the historical perspective including the philosophical and 
psychological underpinnings of learning theory is 
discussed. Also, specific information on the following 
topics is presented: 1) constructivism, 2) concept 
formation, 3) alternative concepts, 4) concept change, and 
5) origins of misconceptions. Finally, a review of related 
biological studies is presented. 
Chapter 3 describes the qualitative methodology by 
which this study was conducted. The process of collecting 
the data through a series of open-ended interviews, 
researcher notes and logs kept by the subjects is 
explained. Throughout the details of the data-collection 
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discussion will be found specific expectations grounded in 
this methodology. 
Chapter 4 includes the findings of the study, which 
are organized according to the following themes: 
1) explanations, 2) language, and 3) expectations and 
predictions. These themes emerged from the data and 
describe how the children in this study think about the 
topic of decomposition. Also included in this chapter are 
profiles of these children providing further information 
about their personal theories. 
Chapter 5 explores the conclusions drawn from the 
findings of the previous chapter and suggests certain 
implications. The conclusions are organized according to 
the following topics: 1) preconceptions, 2) conceptual 
frameworks, 3) theories, and 4) an evaluation of the study. 
Suggestions for teachers and recommendations for further 
research are also included in this final chapter. 
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CHAPTER I I 
LITERATURE REVIEW 
Constructivism 
Drawing on a synthesis of current work in 
cognitive psychology, philosophy, and 
anthropology, the theory [of constructivism] 
defines knowledge as temporary, developmental, 
socially and culturally mediated, and thus, non¬ 
objective. Learning from this perspective is 
understood as a self-regulated process of 
resolving inner cognitive conflicts that often 
become apparent through concrete experience, 
collaborative discourse, and reflection. 
(Grennon Brooks & Brooks, 1993, p. vii) 
The theoretical basis of this study includes the 
commitments held by the constructivist view of learning. 
Constructivism has been accepted as a powerful perspective 
for understanding, interpreting and influencing student 
learning in science and other disciplines. 
According to the theory of constructivism, the learner 
is described as an active participant in the process of 
constructing knowledge. Knowledge is not considered a body 
of information that can be communicated to the learner. 
Rather, knowledge is constructed by the learner based on 
the interactions of his or her mind with the outside world 
through observation and experience (von Glasersfeld, 1990). 
Therefore, meaning lies within the individual, not in an 
outside reality. 
Information impinging on our cognitive systems is 
screened, translated, altered, perhaps rejected 
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by the knowledge that already exists in that 
system, the resulting knowledge is idiosyncratic 
and is purposefully and effortfully constructed. 
(Resnick, 1983) 
While the locus of control for constructivist learning 
is considered to be within the learner, a distinction is 
made between private understanding and public knowledge. 
The private knowledge, also called personal knowledge, is 
the sense that the individual makes of some aspect of the 
body of common knowledge, thereby constructing a personal 
meaning. The larger body of common knowledge, also known 
as public knowledge, is what individuals come to understand 
that agrees with the* knowledge of others. 
The term "science knowledge” is generally used to 
describe the expert's knowledge of science, where 
"children's science” refers to the science knowledge that 
children attain before instruction (Abimbola, 1988). 
Vygotsky (1962) describes knowledge gained through the 
intervention of schooling as "formal” and that which is 
acquired through interaction with the environment as 
"spontaneous.” Unfortunately, researchers are not 
consistent in their use of terms that describe knowledge. 
One is required to search for similarities in meaning. 
Howard Gardner (1991) describes seven different 
"intelligences” as another way of looking at knowledge. He 
contends that we are a species that have come to know the 
world through (1) language, (2) logical-mathematical 
analysis, (3) spatial representation, (4) musical thinking, 
(5) the use of the body to solve problems, (6) an 
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understanding of other individuals, and (7) an 
understanding of ourselves. Gardner maintains that 
everyone possesses these intelligences in varying degrees. 
His purpose is to suggest an organization and integration 
of content material that would improve formal education. 
Whatever the terms used to refer to the act of learning, in 
constructivist thinking knowledge is not simply units of 
information, but rather the understanding one makes of 
these facts. 
The question of truth is at the center of 
constructivist thought. Truth, in this sense, implies that 
knowledge must contain relevance. 
Knowledge cannot and need not be "true" in the 
sense that it matches ontological reality. It 
only has to be viable in the sense that it fits 
within the experiential constraints that limit 
the cognizing organisms possibilities of acting 
and thinking. (von Glasersfeld 1987, p. 224) 
What is meaningful to the individual therefore, is 
what comprises truth. 
Another distinctive element of constructivism is the 
importance of prior knowledge as it affects concept 
building. Students begin their study of science with 
strongly held conceptions about some phenomena and 
conflicting or little knowledge about other phenomena. 
All learning, according to Ausubel et al. (1978), is based 
on knowledge already acquired by the individual. Teachers, 
he states, should ascertain their students prior knowledge 
and then proceed accordingly. Vygotsky (1962) holds a 
similar view which he terms the "zone of proximation" 
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identifying a child's readiness to learn. The influential 
theories of Piaget and Ausubel which stress the importance 
of students* prior knowledge in forming concepts was 
introduced decades ago. Recently, there has been a 
resurgence of interest concerning the influence of prior 
knowledge on students* cognitive structures. There is also 
an expressed concern about the influence that prior 
knowledge has on overcoming misconceptions (Shuell, 1987). 
Much of the work on how science concepts develop has 
been inspired by Piaget. His research demonstrated that 
children have very concrete ideas that are closely related 
to the physical representation of the task (Ginsburg & 
Opper, 1979). His ideas focus on the learning process 
rather than the teaching act. Furthermore, children are 
encouraged to become actively involved with the objects of 
their environment. This "hands-on** approach allows them 
to construct ideas about their world and to build cognitive 
structures such as classifying schemes, ordering, spatial 
relationships, concepts of numbers, and comparative 
measurement. The basic tenets of Piaget's philosophy have 
been recognized as laying the foundation for the theory of 
learning called constructivism. 
Recognizing the value given to children's ideas and 
their belief systems has directed researchers to study what 
children think, how they approach learning and what 
influences this process. 
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Historical Perspective 
Some of the early writings on thinking have come down 
from ancient philosophers and mathematicians who proposed 
logical systems of thought based on abstract propositions 
(Dellarosa, 1988). For a long time scientists were 
interested in studying mental functioning through 
experimentation with external stimuli and their effects on 
internal reactions. Over a hundred years ago when the 
first experimental psychology laboratory was established, 
scientists set about the study of the structure of the mind 
and its processes. These "structuralists” wanted to 
identify the fundamental elements of thought and the laws 
governing their combination, using the explanatory models 
employed in the natural sciences. The structuralists were 
influenced by the British empiricists. Like the 
empiricists, they believed that sensations were the 
foundation of all knowledge about the world and all mental 
activity (Dellarosa, 1988). 
Eventually the structuralists' theory collapsed under 
its inability to be extended to internal sensations called 
introspection. Other contributing factors were Hermann 
Ebbinghaus' (1913) work on the mechanisms underlying 
learning and memory. Ebbinghaus proposed that learning 
consisted of simple associations among stimuli and 
suggested that the same principles governing the learning 
of simple stimuli could also be applied to more complex 
stimuli. 
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Another event that changed the nature of psychology at 
this time was Pavlov*s discovery of stimulus substitution 
which suggested that learning could be described "without 
reference to associations among ideas, thought, or other 
mental constructs. Instead, learning could be described 
solely in terms of associations among stimuli and 
responses" (Dellarosa, 1988). 
John Dewey's pragmatist thinking also had an effect on 
the fall of structuralism. He proposed that thought could 
not be understood independently of its role as the 
antecedent to action (Arndt, 1929). By overemphasizing 
internal responses, the structuralists ignored action and 
external responses. The result of Dewey's thinking brought 
about a long-lasting movement that swayed the emphasis in 
the opposite direction. 
Structuralism gave way to the school of behaviorism, 
which dominated the field of psychology for decades. The 
behaviorists held that observable behavior was the true 
object of psychological study. Thinking, according to the 
behaviorists, was simply talking to oneself. Learning, 
they said, involved the changing of an organism's behavior 
through experience. The mechanisms suggested for bringing 
about these changes in behavior were associative learning 
and reinforcement. Present day attitudes about thinking 
and learning have certainly changed among the community of 
psychologists from the time of Skinner and Watson. 
However, the remnants still exist in varying degrees among 
26 
practitioners in the fields of education and science 
education. 
The philosophical influence on the view of science and 
learning can also be recognized in present day attitudes. 
The two major schools of thought in the philosophy of 
science are empiricism and the "new" philosophy of science. 
Empiricism has its roots in the positivist tradition which 
holds that there is an implicit distinction between 
observer and the observed. This objective perspective 
describes an "impartial observer looking for causal 
explanations of physical phenomena from which successful 
prediction may arise by examination of the facts 'out 
there* in an external reality" (Cleminson, 1990). Abimbola 
(1983) has summarized the empiricist traditional beliefs as 
follows: 
1) A great emphasis is placed on the logical 
structure of the product of scientific research. 
Objective logical criteria determine what counts 
as a valid scientific theory. 
2) Observations are believed to remain the same 
during scientific revolutions. A new theory is 
considered to be an improvement over the old one, 
because the new theory encompasses a more 
extensive observational domain or accounts for 
more observation. 
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3) Scientific knowledge increases by accretion. A 
new experience adds to our store of knowledge or 
by confirming the experience. 
The "new” philosophy as exemplified by Brown, Kuhn, 
Lakatos, and Toulmin, and described by Abimbola (1983) 
provides a sharp contrast in thinking, point by point: 
1) The 'new' philosophers of science reject formal 
logic in favor of a detailed study of the history 
of science for the analysis of science. 
2) Science has two phases: normal science and 
revolutionary science. Normal science operates 
within a shared body of existing concepts. The 
most important events in the history of science 
are revolutions which come about as a result of 
dissatisfaction with existing conceptions. As 
existing concepts yield to the force of new 
concepts, the existing concepts undergo some 
reorganization which could lead to a new view of 
the world. Progress in science comes about as a 
result of this reorganization. 
3) Progress in science is non-cumulative because of 
the conceptual changes which involve changes in 
meaning. Observational data, therefore, do not 
remain the same from one scientific revolution to 
another. Theories, too, undergo changes during 
scientific revolutions. Views on how these 
changes occur vary from evolutionary (e.g., 
Toulmin, 1972) to revolutionary (e.g., Kuhn, 
1970). 
The latest theory in science philosophy, called the 
"post-modern” period is characterized by a notion that the 
scientist is not a 
value-free, amoral, impartial spectator of a 
material world from which he is apart. . . . Fact 
can no longer be perceived as an objective 
statement. Mankind must appreciate that we are a 
part of, rather than a spectator of the world. 
While scientific methods remain valid processes 
for exploring the physical and biological world, 
the "scientific method” expounded in positivist 
philosophy is an ephemeral and incomplete 
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description of scientific activity. (Cleminson, 
1990) 
One of the major criticisms of science education is 
that curriculum is not grounded in theory or a philosophy 
of the true nature of science, (Abimbola, 1983; Stenhouse, 
1986). While not all scientists are in agreement on 
philosophical tenets, these writers believe that it is time 
for philosophy to inform practice. 
Over the years, philosophers, psychologists and 
educators have offered various explanations for how 
phenomena are conceptualized by children. Over two 
thousand years ago, Plato stated that the mind is like an 
aviary with all sorts of birds flying about, singly and in 
groups. When a child is young, the aviary is empty. In 
the process of learning, the birds of knowledge are 
captured and detained in the enclosure, (Tulving, 1979). 
This age-old analogy is still recognizable as being 
descriptive of learning. Much of the current practice in 
teaching reflects a behavioristic set of assumptions. 
According to this theory, learning is achieved through the 
process of making associations which are strengthened by 
repeated practice and reinforcement. The learner is 
considered to be a blank slate on which information is 
applied, piece by piece. 
There is long-standing evidence in educational 
practice of another view that is more active on the part of 
the learner. John Dewey (1889), laid down theoretical 
foundations for learning as an active, problem-solving 
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model. Discovery learning, an outcome of this perspective, 
describes children in a situation where their own 
explorations lead them to understand scientific principles. 
Although no combined effort on the part of these earlier 
theorists brought about a more actively oriented learner, a 
less objective and more revolutionary science philosophy 
was introduced to the educational scene. 
Concept Formation 
The sciences place much emphasis on concepts. They 
provide the organizing elements within the different 
courses of study. Two simple definitions for a concept 
are: any activity which requires a subject to group two or 
more objects or events together, (Johnson, 1967) and a 
collection of elements of knowledge a person has about a 
given term, (White & Gunstone, 1989). Concept formation is 
described as a mental operation performed by grouping in¬ 
coming bits of information, thus forming categories. 
Concepts as categorizations of objects provide access to 
stores of knowledge. Some concepts are generalizations 
which lead to making inferences and forming principles. 
These principles go beyond classifying objects by 
addressing the relationships of concepts. An explanation 
given for the relationship between objects is the type of 
concept called a scientific theory (Barnard, 1983). 
Generalizations, principles and theories make up the 
subject material taught in the various science curricula. 
In constructivism, children 1) make their own 
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generalizations, 2) develop principles and theories, and 3) 
learn about those principles and theories accepted as 
common knowledge. 
Alternative Concepts 
One of the most useful recent discoveries has been 
the awareness that children have ideas inconsistent with 
those of scientists. Many names have been given to these 
alternative ideas, which have revealed the ideological 
vantage points of the researchers. The common terms 
"misconceptions" and "erroneous" might carry possible 
negative evaluative messages indicative of failure on the 
part of the child. The terms "children's ideas," 
"children's science," "alternative frameworks," and 
"alternative conceptions" appear to be the less value 
laden. "Naive ideas," "intuitive ideas," and "pre¬ 
conceptions" are additional terms which refer to the ideas 
that children bring to a learning situation. There are 
definite contextual nuances distinguishing the individual 
terms, with "misconception" being the most commonly used 
word across all contexts. The significance of the term 
used lies in viewing these ideas as "an interpretive 
framework on which to anchor new learning" (Abimbola, 1988) 
as opposed to potential barriers to learning. 
A large body of research has helped to create a 
consistent picture of the characteristics of children's 
thinking in science. For instance, some intuitive ideas 
resemble historical thought about scientific phenomena. 
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This view is demonstrated in Nussbaum's (1979) research on 
elementary school children's view of the earth. It is 
understandable that children, who see themselves as the 
center of their world, would also view the world as the 
center of the universe. Although children's conceptions 
are often lacking in breadth and coherence (Driver, Guesne 
& Tiberghien, 1985), there are definite similarities 
between children's ideas and the historical progression of 
some ideas in science. 
There is also evidence in the research showing common 
patterns of conceptual frameworks among children (Clough & 
Driver, 1986). The characteristics of children's 
alternative concepts most commonly found in the literature 
are: 
Learners formulate complex and highly 
sophisticated (though often scientifically 
unacceptable) ideas about natural objects and 
events at an early age. 
The ideas are often remarkably stable and 
resistant to extinction, even by well-planned 
instruction. 
Students frequently focus on elements in a 
science lesson considered unimportant or incidental by 
the teacher. 
The inferences and conclusions students draw 
following a science activity are quite diverse and 
often inconsistent with the intended learning 
outcomes. (Trowbridge & Mintzes, 1988) 
Concept Change 
The alternative concept movement includes the 
discovery of various alternative ideas commonly held by 
children. Also, much research has delineated certain 
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characteristics of alternative ideas. In addition, efforts 
to change these ideas in children became a focus of 
numerous studies. One route to a scientifically acceptable 
concept is the progression from naive ideas through a 
series of increasingly more complex ideas to scientifically 
accepted ideas. Through this method, the individual 
incorporates new information without dissonance. However, 
this is not always how individuals learn. They construct 
ideas that may comprise some common elements with the 
scientific view yet do not achieve the acceptable concept. 
An alternative path may involve confronting children 
with the scientific view that is in opposition to their 
thinking. This process, known as the Concept Change Model 
(Posner et al., 1982), is considered one approach to the 
application of constructivist ideas to science instruction. 
For the past decade, this model for concept change has 
suggested three conditions a new conception has to satisfy 
before it can be integrated with existing knowledge. 
First, a new conception has to be intelligible to the 
extent that the learner knows what it means and can 
construct a coherent representation of it. Second, a new 
conception has to be plausible, in other words, believed to 
be true. Third, a new conception has to be fruitful. This 
means it serves a purpose, such as aiding in resolving 
problems or suggesting new approaches (Hewson & Hewson, 
1983). Strike and Posner (1992) recently proposed that the 
importance for instruction is "understanding the factors in 
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learners' conceptual ecologies that generate and maintain 
misconceptions." 
Although researchers have little understanding about 
how concept change occurs and how to induce it in a 
classroom setting, some have devised strategies that have 
met with success (Clement, 1987; Flick, 1991; Heinze-Fry £e 
Novak, 1990). Where conceptual change does occur, it 
appears that it is a long-term and slow process. The 
tendency is for children to interpret new situations in 
terms of their prior knowledge which, at times, reinforces 
misconceptions (Driver, Guesne, & Tiberghien, 1985). 
Although there is a recognition of the presence of learning 
models for concept change, these models have not reached 
practical application in the classroom setting. The study 
of misconceptions is young and replete with speculation 
about how the process of change actually works. 
Origins of Misconceptions 
Recent studies concerning the alternative concepts of 
children have provided educators with valuable information 
in three areas: actual ideas children have about certain 
natural phenomena, characteristics of these ideas, and 
speculation concerning the origins of this thinking on the 
part of children. 
The same factors that influence learning concepts are 
also involved in producing alternative ideas. 
Alternative frameworks developed during 
instruction may derive from the same mechanisms 
which lead to the development of conceptions 
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independent of instruction. In addition, some 
modes and sequences of presenting information 
during instruction may introduce difficulties. 
(Eylon & Linn, 1988) 
Misinformation or incomplete instruction might affect 
the level and type of learning that children experience in 
the classroom. Instructional "noise” involving messages 
the teacher presents unknowingly, including any distracting 
influence on the cognitive operation may also cause 
unintended learning. Lack of timely instruction, which 
doesn't allow for children's cognitive preparation, might 
have an effect on understanding, which results in a non-fit 
of new ideas with previous experiences. 
There are other factors that produce alternative ideas 
in addition to those involving prior knowledge and learning 
instruction. Bonnie Shapiro (1989) describes social and 
emotional issues and the interaction of these factors as 
influencing concept change. 
Another aspect of learning, and therefore a possible 
factor in developing alternative ideas, is children's use 
and understanding of language (Eylon & Linn, 1988). 
Related to this is the mis-use of knowledge. Eylon and 
Linn suggest that students sometimes use incorrect 
analogies to make sense of observations. 
Children's naturally active imaginations contribute to 
their belief systems. These, in combination with their 
characteristic tendency to be influenced by irrelevant 
features, cause children to disregard relevancy in a 
learning investigation (Driver, 1986). 
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Biological Studies 
The present study examines how children approach the 
biological aspects concerned with decomposition of organic 
material. A review of the literature reveals scarce 
research on decomposition and related topics. Included are 
reviews of studies of decay and recycling, mold and copper 
oxide, and digestion in humans. 
A study by Smith & Anderson (1986) has revealed 
interesting misconceptions among children. One naive view 
is that students might seem to understand the process of 
taking in food and eliminating waste, yet do not seem to 
possess a broader understanding of the function of 
digestion. Students holding this view disregard the 
processes, thinking only that they create and destroy 
matter rather than transform one chemical substance to 
another. 
In a study by Sequeira and Freitas (1986), it was 
determined that the children interviewed (ages 8 to 15 
years old) understood little about the process of 
decomposition. They believed that living organisms just 
disappear (totally or partially) after death. 
A related study by Sequeira and Freitas (1987) found 
that most children were unable to distinguish between bread 
mold and copper oxide. In addition, a significant number of 
children remained confused after instruction. Furthermore, 
they determined that most children do not use scientific 
language to explain their beliefs. Also, the children in 
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this study were also unable to explain what caused mold and 
copper oxide to form. Moreover, they were unable to 
identify mold as a living organism and copper oxide as 
nonliving. 
Both the Sequeira and Freitas, and the Anderson and 
Smith studies, came to similar conclusions. They found 
concepts about decay for younger children to be non¬ 
existent: the children think that things just disappear. 
Both studies also found that children conceptualize 
decomposition as the total or partial disappearance of 
matter. 
A longitudinal study of children's understanding about 
different ecological concepts, particularly decomposition 
of matter, revealed similar findings (Hellden, 1992) . The 
children's ideas were challenged by observing plants 
cultivated in closed transparent boxes, as well as 
investigating leaf litter and flowers. This study has 
shown that children view soil as the endpoint for 
decomposition. Furthermore, Hellden concluded that 
children's difficulties in reaching a more developed 
understanding of the conditions for life and decomposition 
in nature are connected with their understanding of the 
nature of matter (i.e. conservation of matter) and its 
transformation. This study introduces the subject of life 
and its conditions, suggesting that a broader picture be 
considered when investigating children's thinking about 
decomposition. 
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A study conducted in Tanzania during 1987 (0-saki & 
Samiroden, 1990) explored elementary school children's 
ideas on 'living' and 'dead' and found a number of 
misconceptions of the concepts of living, non-living, life, 
and death. These alternative ideas might have implications 
in themselves. However, the authors emphasized the 
influence of the children's sociocultural world and 
instructional techniques in the formation of such 
misconceptions. 
Two related studies of children's conceptions of decay 
were conducted; one modeled after the other. The 
preliminary study. Driver, Scott, & Wood-Robinson (1990), 
was conducted in England while the larger study (Leach, 
Konicek & Shapiro, 1992) documented and compared the ideas 
of children from England, Canada and the United States. 
Both studies examined children's ideas about the phenomenon 
of decay, focusing on children's understandings of the 
cycling of matter, flows of energy and interdependency of 
organisms in ecosystems and the classification of living 
things. 
The results of the Driver, Scott, Wood-Robinson study 
revealed that, at age six, children were unfamiliar with 
decaying fruit and 13-year-old children could not explain 
what happened to decomposing matter. Even older children 
thought that the matter simply disappeared. Other findings 
revealed that children limit their thinking about "living" 
to ideas that include animals. Furthermore, young children 
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tend to view the needs of other living things in terms of 
their own needs. 
The Leach, Konicek and Shapiro (1992) study resulted 
in similar findings from the three countries. In addition 
to the findings of the first study, the data also revealed 
distinctions between younger and older children in their 
ideas about the causes of decay. The older children used 
biological agents while the younger ones used physical 
agents in their explanations. 
Like the earlier study, teleological, egocentric and 
anthropomorphic explanations were present among children 
and, according to the later study, they were noticed to 
decrease with age. This study also focussed on the 
language used by children to describe decay. Distinctions 
were made between "scientific” terms (decomposing, 
decaying, rotting) and "colloquial" terms (bad, mushy). It 
was found that children's use of scientific terms did not 
correlate with the scientific understanding of rotting. 
This second study was distinguished by its comparison 
of children from rural, urban and suburban areas as well as 
the three countries. It was not surprisingly noted that 
children from rural areas possessed more knowledge about 
decomposition than either urban or suburban children. 
A third study (Campbell, Koscher, LaCorte, Sioui, 
Laffond, & Waldoch, 1992), patterned after the previous two 
studies, was conducted by a group of classroom teachers/ 
researchers included Professor Richard Konicek. This 
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study's purpose, was similar to the previous two where 
children's ideas about the process of decay were explored 
through clinical interviews. The data revealed similar 
results to the Driver et al, (1990) study and the Leach et 
al. (1992) study concerning causation and language. 
Furthermore, it was suggested that there may be some type 
of progression in children's thinking either by age, 
experience, instruction, intuition or a combination of 
these factors. 
The present research study was an attempt to extend 
the research described. It was the researcher's intention 
to carry out a more intensive examination into the 
thinking/learning process of individual students. 
Conducting the study over time was intended to meet that 
expectation and to gain insight into how children construct 
knowledge of their world. This research was also an 
attempt to contribute to the sparse literature in the area 
of children's understanding about decomposition. 
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CHAPTER III 
METHODOLOGY 
We interview people to find out from them those 
things we cannot observe... The fact of the matter 
is that we cannot observe everything. We cannot 
observe feelings, thoughts, and intentions. We 
cannot observe behaviors that took place at some 
previous point in time. We cannot observe 
situations that preclude the presence of an 
observer. We cannot observe how people have 
organized the world and the meanings they attach 
to what goes on in the world. We have to ask 
people questions about those things, j The purpose 
of interviewing, then, is to allow us to enter 
into the other person's perspective. Qualitative 
interviewing begins with the assumption that the 
perspective of others is meaningful, knowable, 
and able to be made explicit. (Patton, 1980) '"j 
In recent years the naturalistic or qualitative 
perspective has been recognized as being well-suited to 
educational research because it allows the researcher to 
learn first hand about the individuals being studied. The 
aim of the inquiry is to develop a body of knowledge that 
is unique to the individual being studied, and that can be 
used to develop working hypotheses about the individual 
(Lincoln & Guba, 1985). The holistic approach allows the 
investigator to study all elements in the setting in which 
the inquiry takes place. It is through understanding the 
context of the individual within the particular environment 
that the complexities of the field work are unraveled. A 
study of children's learning experiences, therefore, would 
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be more appropriately conducted within the learning 
situation and from very close positioning. 
A qualitative research method was therefore an 
appropriate choice for this discovery of children's ideas. 
This study employs the traditional approach of natural 
inquiry whereby data was collected through a series of 
open-ended interviews. The loose structure of the 
questioning resembles a conversation about the topic. In 
this type of study, the purpose of the interviews is to 
gain the participant's perspective and understanding of the 
experience in the most natural way possible. 
Description of the Study 
The research design for this study, based on the 
qualitative inquiry, employs a triangulation of methods. A 
series of interviews with each participant was conducted to 
probe the individual's understanding about the cycling of 
matter. Notes of personal impressions were recorded by the 
researcher as a participant/observer. Personal logs were 
kept by the participants throughout the study, which were 
meant to provide assistance in interpreting the interview 
data. Lastly, the participants conducted observations with 
their assigned partners from the same age group. The 
intention for this was to allow for the natural aspect of 
social learning within the project. This research was 
expected to portray a collaborative effort on the part of 
the teacher/researcher and the student/subjects. 
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Source of Data 
The subject pool was comprised of children of the ages 
8, 10, and 12 years old. Twelve participants, four from 
each age group, were chosen from a list suggested by 
classroom teachers to be invited into the study. These 
groups were targeted for the purpose of providing an age 
range of children available in the elementary school. It 
was also important for the younger participants to be able 
to provide some explanation for their observations. All 
children in the study were students in the same school. 
Some were members of the same classrooms. None of the 
children were students of the researcher. 
The selection procedure involved requesting teachers 
of 8, 10, and 12 year old children to briefly describe the 
study to their classes. The teachers were asked to look 
for volunteers with the following criteria: 
Basic enthusiasm for school activities. 
Ability to communicate ideas fairly easily. 
Perseverance on long term projects. 
General interest in science topics. 
Lack of prior instruction on decomposition. 
The main factor in choosing children for the study, in 
addition to the criteria listed above, was to ascertain 
whether the children were interested in pursuing the 
observation of decaying matter. The subjects were asked to 
participate in a project where they would observe the 
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process of decaying material over a period of several 
months. The academic performance of the subjects, other 
than a healthy curiosity, was not significant in the 
selection process. 
The response to the informal request for participants 
was strong. Those children interested in the study, as 
described by their classroom teachers, were given letters 
with more detailed information and consent forms to share 
with their parents. 
Collection of Data 
Once a group of twelve children had been selected and 
the proper consent forms obtained from parents, they met 
with the researcher to set up "the project," as it was 
called. The plan of this study was to involve the subjects 
as much as possible with planning the activities of the 
study. The group met and selected an appropriate spot in a 
secluded school courtyard where a cage of fruit and a dead 
mouse were to be left to decay unnoticed by other students 
in the school. Much discussion at this meeting centered 
around whether the cage could be seen from windows in the 
school. It was very important that nature take its course, 
with the exception of allowing birds to carry away any of 
the objects. Once the decision about the location was 
made, individuals in the study group put the objects in 
place. 
44 
Also at this initial group meeting, each child 
completed a short questionnaire designed to discover any 
prior knowledge about decomposition of matter and clues to 
any previous formal instruction on the topic. The 
questions asked were open-ended and covered basically what 
would happen to some objects, if left undisturbed. 
The data was collected through a variety of means. 
Informal observations by the participants were conducted at 
each visit to the site and logged in personal notebooks. 
These informal visits were arranged by each child or 
partner groups later in the study. The participants were 
told to discuss the findings at the site and to make 
personal entries in their logs. 
A schedule of meeting times was set for each 
participant to make his or her taped interviews. Log 
entries were also made after these interviews. It was 
expected that the whole process of decay and therefore the 
data collection, would extend over the period of several 
weeks, possibly months. Therefore, a calendar of scheduled 
meeting times was posted monthly and a box set up for the 
logbooks. About mid-way through the three months of the 
study, the participants were also scheduled to do a partner 
visit without an interview. This was to ensure the 
importance of the partner visits. 
The time spent in each observation/interview was 
approximately ten minutes. Additional time was spent 
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making a log entry for the visit to the site. Generally, 
the first few minutes of each session were spent describing 
the changes observed since the last visit. In keeping with 
the tradition of the clinical interview, it was important 
to allow the participants control of the direction of the 
interview. The loose structure of the questioning made 
this possible. As a result, some questions were not asked 
of each child. 
The guiding questions varied from child to child and 
basically included the following: 
What is happening (to the fruit or animal)? 
Are you surprised? 
Will it change or stay the same as time goes on? 
What will happen? 
Why? 
Where does it go? 
Occasionally, before beginning a session, some 
children were asked to listen to the last part of their 
previous interview tape. This generally included 
predictions of what they expected to see the next time. 
The purpose was to help the children keep track of their 
thinking by reminding them of what they said earlier. It 
was also an aid to the questioning process. 
At each observation visit the participants were 
expected to keep a record of their observation. The log 
books were filled with uniform sheets designed to 
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facilitate the making of entries. Basically, a picture 
with some comments about any changes made up the personal 
record. The comments included the characteristics of the 
object(s); predictions about what they thought would 
happen; and inferences about what they saw. The 
participants completed their entries after each interview. 
Logs were kept in a file that was accessible to the 
children. 
The data collected were expected to reflect a level of 
comfort among the subjects regarding their knowledge of the 
events and the language used to express it. Furthermore, 
recording their ideas in logs was intended to be consistent 
with the other activities in this study involving 
collaborative work between the researcher and the subjects. 
It was expected that the rhythm of the project would 
dictate the length of each phase of the data collection. 
Some changes in perspective were indicated as the 
information was revealed over time. After two months of 
weekly meetings with one week off for the school vacation, 
the participants were asked to meet with their teammates to 
conduct their observations and make entries in their logs . 
They were expected to discuss their ideas and then write 
what they thought, even if they disagreed with their 
partners. 
The hiatus from the interviews gave the children some 
independence from the more formal taping session and the 
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possible expectations they might have felt from the 
structured meetings. By this time, the observations had 
taken on a routine nature. Although the children had 
become comfortable in the interview setting, it seemed 
understandable that they would feel more at ease with their 
peers. The intention of the planned partner meetings was 
to add that dimension as well as a break in the routine. 
There were also indications from individuals that some 
changes in the setup were needed. Before having a large 
group meeting, more cross-fertilization of ideas among the 
participants seemed desirable. 
A group meeting was held two months into the study. A 
few suggestions were made. One unanimous decision was made 
to move the cage to a sunny spot. It was thought that the 
placement of the cage in a shady location was preventing 
the citrus fruits from decaying. Other suggestions made 
were to cut the fruit apart, reposition the fruit in the 
cage, and check the fruit for smell. The only suggestion 
acted upon was to change the position of the cage in the 
courtyard. It was clear from this meeting and the private 
interviews that this was the feeling of the entire group. 
Another reason for limiting the interventions was that any 
changes in the decaying process might be attributed solely 
to the interventions. The decision was made to keep the 
ground rules set at the beginning of the study. 
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The following time table was developed for the study: 
March 31, 1992: 
April 5-9, 
April 12-16: 
April 19-23: 
April 26-30, 
May 3-7: 
May 10-14: 
May 17-28: 
May 21-24: 
June 1-4: 
June 7-11: 
June 14-18: 
Placement of Objects in Courtyard 
Weekly Observation/Interviews 1 & 2 
Spring Vacation (no interview) 
Resume Weekly Observation/ 
Interviews 3-5 
Partner Observations 
Partner Observations 
Partner Observations 
Final Observation/Interview 6-7 
Final Observation/Interview 6-7 
Final Observation/Interview 6-7 
Analysis of Data 
After the interviews were recorded and transcribed, 
they were reviewed for some common features. Definite 
patterns were revealed in how the children responded to the 
weekly observation. Furthermore, it was apparent that a 
characteristic of individuality could be attributed to each 
transcript. Moreover, several themes emerged from the data 
which were used to organize the information about each 
individual's learning. These themes provide the organizing 
structure for the analysis of the data. 
The themes explored in the data were grouped into 
three categories: 1) the explanations the children had for 
the phenomena observed; 2) the language they used to 
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explain their ideas; and 3) the expectations or predictions 
they had for events to come. The goal of the analysis is 
to explore these common themes with the intention of 
discussing the individual participant's ideas. 
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CHAPTER I V 
ANALYSIS 
Introduction 
This chapter contains the analysis of the data 
resulting from the interviews of seven of the twelve 
participants involved in the study. These seven interviews 
were chosen for analysis because they were representative 
of the entire group. The individual participants are 
introduced here through descriptive profiles. Following 
the profiles, the data are organized according to certain 
themes that emerged from the interviews. 
Each profile includes selections from the interview 
transcripts that portray the individuality of each subject. 
Particular care was taken to point out the progress each 
subject made in his or her thinking over the course of the 
study. 
The themes intended to summarize the findings of this 
study include: (1) the children's language; (2) their 
explanations for events, and (3) their predictions or 
expectations for future events. Discussions of the themes 
will precede each section. In this chapter, the focus is 
on how the subjects think as children about a scientific 
event. Therefore, there will be an increase in references 
to children over subjects or participants. 
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Organizing the Data 
After three months of numerous observations and 
interviews, the tape recordings of these sessions were 
transcribed verbatim in their entirety and reviewed. The 
excerpts contained in the following pages are 
representative of the greater amount of data obtained. 
Editing was performed by shortening some of the subjects' 
quotations. It should be noted, however, that no 
meaningful changes were made. The quotations were edited 
with regard to the context of the ideas revealed. 
At the end of the three months, all of the original 
twelve participants remained in the study. However, seven 
children have been selected as representatives of the total 
group in the analysis of the data. Their profiles were 
selected for the purpose of focusing on individuals from 
each age group. A few were chosen because of their 
interactions as partners. Others were selected on the 
basis of balance with regard to how the children theorized 
about the phenomena and what their responses were in 
relation to the themes. The intention was to organize the 
material in such a way as to highlight the subjects as 
individuals to allow the reader to appreciate them as such. 
This is pertinent to drawing conclusions from a teacher's 
perspective. 
Secondly, all of the transcribed material was 
organized according to certain themes that emerged from the 
data. Even though the characteristic themes were 
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identified as generally descriptive of the ideas of the 
children, there is no attempt here to draw a composite 
picture of the children. In highlighting the common themes 
in children's thinking, it is hoped that the commonalities 
and differences among their ideas will become apparent to 
the reader. 
Profiles 
The profiles articulate the children's views using 
their own words. They are intended to reflect the meaning 
and spirit of each individual's participation in the 
project. Included here is a brief description of each 
participant followed by a synopsis of the interview 
transcript that presents the significant information 
regarding that child's unique responses to the happenings 
in the cage and reactions to the project. In this section 
are the general theories individuals have described that 
explain how they make sense of their observations. 
Andrew 
Andrew is an eight-year-old third grader. Compared to 
the other transcripts, Andrew's interviews revealed the 
most extensive theorizing about the world he has 
experienced in his eight years. His ideas flowed smoothly, 
yet when asked, he didn't recall thinking about these ideas 
before the experiences of this project. It is apparent 
that these rather developed theories are typical of the 
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kind of thinking he does in and out of the school setting. 
I noted to myself at one point that his ideas were like 
kernels of popcorn going off in different directions. 
Andrew's theories mainly centered around the idea that 
if you remove something from its natural place, it will 
decay, or certainly not thrive. 
Well, it's like if you break something off, then 
it's not in its natural habitat, where it came 
from . . . then the chemicals in the, or the 
juices inside the tree, the apple's used to those 
juices, because it came from the tree . . . 
Furthermore, he believes there is a connection between the 
warmth of the soil and the decay of objects left there. 
Some samples of his thinking are: "if you lean against 
somebody or the ground it's giving you body heat. It's 
giving that heat and . . . it's getting heat from the mud" 
and "under the ground there's a lot of heat . . . if it's 
warmed by all the dirt to put together, then it will stay 
moist ..." 
Andrew seems to find a reason or explanation for 
everything he observes. The inconsistency with his 
thinking rests in his maintaining throughout the visits 
that something will disappear suddenly, at the same time 
elaborating on the protection the skin provides, the 
happenings inside that are going on, but not seen, etc. 
Andrew seemed rather adept at accommodating new ideas into 
his thinking. Although he talks very confidently and 
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knowledgeably, he admits when he doesn't know something or 
hasn't gotten all his ideas organized. 
Helen 
Helen, an eight-year-old third-grader, exuded 
confidence and spirit. She punctuated her interviews with 
laughter and amusement about the unfolding events. 
However, her responses reflected sincere interest in the 
project. Frequently, she would pause before speaking or 
she would indicate that she was clarifying her thinking as 
she spoke. Early on, Helen predicted that if the weather 
became warm, everything would quickly rot and turn into 
soil. She soon learned that things were happening slowly 
and her predictions reflected that. It is also true that 
she kept her hopes up that one time she would come and see 
something had disappeared. 
Helen's transcript is full of questions she had for 
the events she observed unfolding. She thought the mouse 
was drying up, for instance, but could not understand how 
that could be since it was raining so much. She wondered 
about the underside of the fruit that showed no changes on 
top. She made frequent references to the presence of 
insects and also had thoughts about what was happening on 
the inside. She said that the carrot was shriveled on the 
outside because it was rotting on the inside. On June 2, 
she said, "they're not disintegrating as fast because they 
have a rind on them to keep, maybe on the inside, they're 
disintegrating a lot more, but we just can't see it." And 
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she speculated further, "I think maybe all the, there might 
be just one brownish mess in there . . . it's sort of 
showing through on the outside, but not very well". 
Helen made suggestions for moving the cage, cutting 
things in half so we could see what was happening, and 
getting really close. She suggested, "Another thing we 
might do is smell some of this stuff. It might smell 
strange." Helen definitely wanted to test out her ideas. 
She was also very open about her uncertainties. For 
example, she stated, "Well, I don't know whether it's going 
any faster, or not. I think it might be going a little 
faster, now that it's in its different place." She seemed 
to be playing back and forth between her prior ideas and 
those gained from this experience. Helen's expressions 
about decaying matter were imaginative and reflected her 
creative mind. 
Jerry 
Jerry was a ten—year-old boy in the fourth grade. He 
was somewhat quiet and matter-of-fact in his demeanor at 
the beginning of the study. He gave the impression that he 
thought there was some sort of trick that he was to figure 
out. I felt I needed to assure him that, although my 
questions appeared simple, it was important for him to 
think carefully about his answers. 
Generally, Jerry's descriptions centered around 
objects not looking real or not looking the way they 
should. He was also the only participant who talked about 
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the rotting process in the fruit following a certain 
direction, as in top to bottom, and from the stem on out. 
This idea seemed to come from the present experience, "well 
the tip of it is starting to turn to dirt more than the 
other parts, so I think it's gonna urn, start from the tip 
down more." Later he said there would be a starting place 
for the orange to rot, "I think, urn, where the stem used to 
be, it'll start to get, urn, that rottedness." His theory 
for this was that there was an opening, "that's where they 
get the food to the fruit." 
Jerry's transcript also showed that he focused on 
insects a lot, and the idea of dirt on the objects seemed 
to have significance for him. In the beginning of the 
study, he mentioned frequently that things would turn into 
dirt. However, later in the study he seemed to revise his 
ideas and say only that they would shrivel up. 
For a long time, Jerry would appear to explain the 
happenings according to what he saw at the time. For 
instance, he believed that the rain made a difference. He 
also explained that, "the ones in the shade don't . . . 
start rotting as quickly as the ones in the heat." He was 
careful not to go beyond the obvious in his explanations. 
It took him a long time to mention how surprised he was 
about the difference in the rate of decay among the 
objects. For a quiet boy, Jerry had a long transcript. He 
was very capable of expressing his ideas. 
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is getting all like rotted. Did that happen since it was in 
the sun?" Another example of this questioning is: "..it's 
kinda rare 'cause you would think that you would see the 
bones, but once they're all done, for some reason the bones 
aren't there. You know, it's kinda ..I don't know." The 
other children would express surprise about the unexpected 
events; however, Cathy's frequent questions led her to make 
suggestions for changes in the study. 
Some of Cathy's spontaneous ideas resemble those of 
younger children. For example, she said "he's thin because 
he hasn't eaten and it's just everything in his body is 
starting to disintegrate" and "he's coming out of his 
skin." For her, as with the younger children, these 
expressions were sufficient to explain what she thought. 
Cathy's theories were remarkable for being unusual and 
well-developed. For instance, she suggested an explanation 
concerning the role of smell in the process of decay. She 
explained, "I would assume that there would be more bugs 
around the mouse, because, well, maybe it won't until the 
hair falls off enough cause maybe it'll check the smell. 
It'll make (the) bugs..smell the mouse." She elaborates 
with, 
cause, see, the hair covers up . . . the smell of 
it. So, when something starts to rot, like a 
mouse, or something, it starts to smell, so the 
flies will smell them. They'll smell enough and 
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(it'll) come and want to eat it, probably. 
Right? 
Many of Cathy's theories draw on her personal experiences. 
She makes repeated comparisons to illustrate her ideas. 
John 
John was a twelve-year-old in the sixth grade. He was 
Bob's partner although they seemed to participate as 
individuals in the project. John was very cooperative and 
confident about what he shared. 
There was a consistent reference to mold as the 
rotting process in John's transcript. The molding process 
was clearly an expectation of his at the outset of the 
project. Although there was little evidence of mold 
throughout the time he observed the objects, John made many 
references to it. John was clearly speaking about prior 
experiences when he described mold. 
The difference between John's reporting and the others 
is in the expectations. Where the others expected things 
to turn brown, disappear, etc., John was expecting 
everything to mold. In fact, he did observe mold on 
objects sooner than the others. However, like the others, 
he was surprised at the length of time the process took and 
the varying amounts of time it took for the different 
objects to decay. 
John possessed some extensive information about mold 
and what it looks like; how bacteria from the air feed on 
the objects; and about the results of sealing something in 
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an airtight container. However, he couldn't extend his 
explanations beyond the appearance of microorganisms. He 
also showed some incomplete understanding when he said, 
". . .it had a bunch of white spots on it, and then when 
it rained, that all got blown away." John gave no 
indication that he possessed any other alternative ideas 
about the subject. 
Bob 
Bob was another twelve-year-old. He was quiet but 
very involved in the project. It took him a while to get 
into the process. However, when he did get the idea. Bob 
spoke rather freely about what his expectations were. He 
seemed not to care that he didn't have all the answers or 
that he was not always sure of his ideas. He freely 
admitted that at times he was guessing, and at other times 
he was speaking from what he saw. Bob was the only one who 
reflected on his thinking and learning process when he 
said, "A lot, some of the stuff, I'm guessing. Other stuff 
is like, like saying something from what I see . . .I'm 
learning from what I see." 
Bob seemed to be looking around for something to 
explain why this fruit wasn't rotting as fast as his fruit 
at home, when he said, "... I think I know why. It's not 
like indoors, it's outdoors. . . . There's more fresh air 
outdoors. That's basically it." Like many others. Bob 
revised his expectations as he went and did not have a firm 
understanding of where and how this process would turn out. 
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Themes 
According to the format set out in the previous 
chapter, the themes that emerged from the data fall into 
three categories: language, explanations, and expectations 
or predictions. Under the heading of language I have 
identified the themes of general terminology, non-specific 
language, colorful language and inaccurate statements. 
General terminology refers to the words children use to 
express what they see happening. Some expressions children 
frequently used cannot be interpreted according to the 
literal meaning of the words, but the meaning the child 
puts on the words. These I have termed non-specific 
language. In the grouping of colorful language, I have 
included all the interesting and creative expressions found 
throughout the transcripts. Finally, there were some 
instances where children described some things that were 
not observed by others. These I termed inaccurate 
statements. 
Under the grouping of explanations, I have included 
the children's explanations about decomposition interpreted 
to mean the process of decomposition as explained by the 
individual children and also their ideas about the final 
disposition of the decomposing matter. Another aspect of 
decomposition is causality. It involves children's ideas 
that outside factors and/or internal causes are responsible 
for the decomposition process and also the teleological 
explanation that things just happen this way. There were 
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also instances where children explained their ideas by- 
attributing human characteristics to the mouse and fruit. 
I have interpreted the children's explanations according to 
these themes because they answer the simple guestions, what 
is happening (process), why it is happening (causation), 
how things appear to the children (anthropomorphic 
expressions). 
Before reporting the data concerning this theme, 
distinctions between children's expressions about the 
process and causation of decomposition and other 
descriptions reguire some clarification. Generally, in the 
listing of scientific processes, the differences between 
observation and inferences are clear cut. However, in this 
study, it was difficult to find examples of descriptions of 
the observations that did not also include explanations or 
inferences. For example, Andrew's statement, "the carrot 
is covered with brown, so I think it's rotting," includes 
both categories. It was my intention to present a sampling 
of each type of response without trying to eliminate 
examples that contained both categories. 
The final theme involves children's responses 
concerning their expectations. Occasionally the children 
would express surprise that something was happening or had 
not happened, indicating that they had prior thoughts about 
the phenomena. Then there were the formal predictions of 
what they expected would happen before future visits. Also 
included are children's explanations that indicate what 
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these individuals were learning from what they were 
experiencing week after week. 
Children's Language about a Natural Event 
The information children give us about their thinking 
is predominantly through their language. This is obviously 
true for all age groups. Interviews, however, do not 
provide the most natural way for children to communicate. 
For children, the interview setting resembles very much the 
classroom scene where the children have certain 
expectations placed on them to perform. Because children 
express themselves best through play and their stories, it 
is advisable for the researcher to model the interview 
session after these examples. In a study such as this, the 
children had a situation on which to focus. They had a 
story to tell about something that was happening. This 
allowed for a more comfortable ease in expressing their 
ideas. For other reasons as well, the children 
understandably became more articulate in their responses to 
the questions and to the situation over the course of three 
months of interviews. 
A great amount of the language the children used was 
descriptive of what they saw. There were many references 
to the color change and it was noted that details about 
this change increased over time. For example, a child 
would state that the that the carrot was turning brown in 
the beginning of the study, and later the same child's 
comments included references to the white lines, brown 
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patches, brown tip, and so on. The children became better 
at their observation skills. This was noticed particularly 
after the children had more experience with observation 
skills and when the changes were few. They took their role 
very seriously and most showed that they felt successful at 
reporting observations. 
General Terminology. The general terminology did not 
reflect an extensive knowledge of decomposition. The term 
"rot" was used by all of the children when referring to the 
process of decay, such as, turning brown, soft and/or 
showing signs of mold. Many of the children used the words 
"disappear" and "disintegrate" when referring to the 
process that they expected to observe. Particularly 
significant was the fact that they thought all of this 
would happen rather quickly. It was noted that, in the 
beginning of the study, some of the children stated that 
within one week they expected to see things had disappeared 
or to observe only the bones of the mouse. 
The limited instances of scientifically acceptable 
terms such as "rot," "decay," "disintegrate," etc. were 
definitely outnumbered by invented words such as "mushy" 
and more scientifically acceptable expressions such as 
"shriveled." The following words were taken from the 
transcripts and organized to illustrate those distinctions 
within the general terminology. They are divided into 
three categories showing that children used (1) simple 
descriptions including invented words; (2) more precise 
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terms and expressions that describe the same phenomena; and 
(3) terms and expressions that scientists would use in the 
same situations. 
Simple descriptions included: wrinkly, mushy, 
crinkled, squashed, smushy, crusty, brittle, furry, 
squishy, soqgy, sleek. More precise terms included: a bit 
frozen, caved in, shrunk, peeled, fresh, dented, pushed in, 
shriveled, hardened, skinnier, and not damaged. Scientific 
expressions used were: dry up, disintegrate, disappear, 
bruised, rot, ripe, moldy, and decay. 
Colorful Language. The children extended their 
invented wording to other more creative expressions, 
including similes and metaphors. This imaginative way of 
speaking appeared throughout all the transcripts. During 
the taping I noted to myself how easily the children came 
up with these ideas. It seemed refreshing that this way of 
expressing themselves was not only reserved for writing 
class. Although most children in this study used such 
language, there was more evidence of it in the younger 
children's language, particularly when describing their 
theories. The following excerpts from the children's 
transcripts provide a flavor of their colorful way of 
speaking. 
- like a small black snake that doesn't move 
(carrot) 
- only the brave ones come out (insects) 
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like it has a lot of skin on it, that is sort of 
too big for it . . . (carrot) 
like putting something tiny into a bigger bag 
all that baggy stuff on it (carrot) 
like sort of rubber (carrot) 
like a beam from the sun goes to the orange 
like pores in our skin, apples have skin 
like hibernating, but not born 
water into a tree like a vacuum cleaner 
blood in brain, can't see it, like changes in 
fruit you can't see 
sometimes you can't see blood, it's like in your 
brain, your brain's bleeding and, your skin, it's 
not coming out you skin 
protects like a refrigerator 
like the skin came off 
and when it digs itself, it's like if you put 
your feet in the sand, soon the waves will push 
the sand up to your feet so it will look like you 
don't have any feet 
rat-looking 
darkness coming up to his head (mouse) 
start to look sort of hollow (carrot) 
apple looks fragile 
hardening up 
like something drooled over it 
like he got damaged 
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- like he ran into a cat and just barely escaped 
“ it goes real slowly, like, it's like growing, you 
can't see it that well 
it's pretty old now 
- like if you stomp on something, juice comes out 
he's thin because he hasn't eaten 
- nobody would agree to eat that, but it looks like 
something that . . . you'll see in your fruit 
bowl at home 
“ looks like a weed (carrot) 
“ skinnier like it's losing some weight 
- looks like the mouse's eyes came off 
- like the rat took a shower 
- like it got drowned again 
- eyes look like they're fake 
- like it's growing fur over its eyes 
- bones sticking up and pushing the skin and fur 
out 
“ looks like a little snake that got wet (carrot) 
- looks waxy (fruit) 
- you like broke the root in half, so like all the 
juices it has inside of it, is like, just emptied 
out 
Non-specific Language. A rather surprising occurrence 
in these children's language was the presence of 
expressions I term non-specific. Throughout the 
transcripts, there was evidence that the children were not 
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clear in speaking about their ideas. It was impossible to 
interpret their expressions literally, and therefore they 
needed further explanation. At times, I questioned the 
children for further clarification. However, I was 
concerned that too many interjections during an interview 
would interrupt the train of thought for an individual. 
Examples of their non-specific language expressions are: 
- apple is...next one to disintegrate 
- the mouse is almost gone here. 
- the carrot is still there, but barely. 
- going to be bones 
- juice won't burn up 
- too late 
- fur has worn off 
- (juice) squirt out or drop off 
- gives sort of mud 
- juices emptied out 
- not as ripe as at the top (apple) 
- fresh 
- the eyes . . . look like they're getting smushed, 
sort of. 
- the lemon . . . will start to sort of 
disintegrate. 
- the apple . . . looks like it's getting sort of 
dirty . . . like dirt. 
- the carrot has really, is really rotted now. 
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the mouse, . . . and the carrot really blend in 
with the um . . . eyes. 
- peeling off (mouse's skin) 
- juice is releasing (orange) 
- apple is watery 
eyes popping out a little 
carrot is twisted 
- like all rotted 
splintered in with those leaves 
- he's coming out of his skin. 
- out of his fur 
- see little bumps out 
- carrot has patches on it 
- upper arm bulging out 
- getting like bones 
- it's (carrot) almost curling up. 
- oranges don't dry out, neither does the lemon. 
- skin won't burn up. 
- the mouse's skin seems to be peeling off, leaving 
the back. 
Inaccurate Language. The most puzzling aspect of the 
language was the presence of inaccurate statements. Helen 
spoke about the mouse being "even more invisible." Since 
the mouse could definitely be seen, Helen really did not 
have an accurate understanding of the word invisible. In 
other inaccurate statements, the children reported 
something that was neither seen nor expressed by others. 
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For instance, Helen talked about insect holes everywhere 
and particularly on the side of the orange. There were no 
insect holes on the orange. This might be a simple 
exaggeration, if she hadn't specified the orange. Andrew 
talked about juices emptying out. Jerry spoke about there 
not being worms around anymore. There simply weren't any 
worms seen at all. It appeared that these children were 
perceiving something that they thought should be present. 
Illustrations of these inaccurate language expressions are: 
- the mouse will be even more invisible. 
- there are insect holes in it everywhere. 
- there's a big insect hole right on the side of 
the orange. 
- the lemon, part of the side, has started to . . . 
change . . . getting darker. 
- and the tip, it looks very ... it starts to 
look sort of hollow. 
- there aren't any more worms going through it. 
- he's getting like just bones. 
- his eye is kind of gone. 
- the apple has starting molding on the top. 
- mold spots are turned red. 
- apple..looks like it's starting to rot . . . like 
along the core of it. 
Explanations 
Decomposition Process. As the children started their 
observation visits, they were aware that they had a purpose 
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for being there. Their role was to express their ideas 
about what they saw happening, if anything. In fact, all 
stated at the outset of the project that some changes would 
occur. The interviews reflected this prior knowledge. 
When they didn't observe many of the major changes that 
they had initially predicted, they became keenly observant 
of small details. From my observations over the three 
months, I could see a trend occurring in which the 
descriptions became more specific and the observations more 
detailed. There seemed to be at least two reasons to 
explain this. One possible reason might be that the 
children felt that they had to have something to say. 
Another explanation involves their growth in observation 
skills through repeated practice. 
The children seemed to focus on the process of decay 
as they expected it to be, and as they actually observed it 
occur over a period of time. They commented mainly about 
the changes in appearance, such as the color, shape and 
texture of the objects. They also spoke to the idea of 
what happens when something decays. Although none of the 
children were directly asked what would happen to the 
objects ultimately, the younger children expressed their 
expectations that the objects would disappear, turning into 
soil, while the older students made more references about 
the objects becoming moldy or all rotted. 
There were very explicit and elaborate descriptions of 
the changes in appearance, most of which were accurate. 
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Some ideas, for instance, about the juice going out of the 
fruit seemed to come from previous experiences rather than 
what was being observed in this study. The most striking 
changes noted were those seen in the carrot. There was a 
drastic deterioration in size, shape and color. This was 
more astounding because of the contrast to the citrus 
fruits which showed little difference until almost the end 
of the observation period. The children generally noted 
the size change when they said things were shrinking, 
getting skinnier, disappearing or disintegrating. Their 
expectation seemed to be that things would get smaller 
until they were not seen. 
In the excerpts taken from the transcripts it is 
possible to see some patterns of children's thinking. They 
are printed in the sequence of their happening. 
This first set of explanations shows Andrew's 
consistency in his thinking that all would turn into soil 
eventually. He knows that there is some cycling of matter 
but has not put a complete picture together. He hasn't 
resolved the bones turning into soil. 
— it's going to have all bones. 
— the vegetable..that's going to go away and it's 
sorta going to go inside the ground, sorta. 
— it (apple) sort of push(es) its way . . . into 
the ground. 
— then it would just go under and make more trees. 
— it gives sort of mud. 
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- there's going to be nothing there. 
- it's still gonna be in the ground, except it's 
like all into molecules. Yeah, it's going to be 
the same thing, except it's going to be smaller 
than molecules. 
- ground is really hard, so it won't go in there 
much . . . (the ground in the cage). 
“ the carrot is covered with brown, so I think it's 
rotting. 
- when a carrot disintegrates, it gets a little 
starting to show on the outside, but only 
starting. 
Helen's comments are consistent in referring to the 
disappearing aspect of the process of decomposition. 
- it means sorta to turn into soil. 
- the mouse . . . looks like it's going to be the 
first to totally disappear. 
- I keep thinking the mouse will disappear. 
- they're not disintegrating as fast . . . 
- the apple looks like it's going to be the next 
one to disintegrate. 
- it's like you can't really see the changes, but 
it's still changing inside its body. 
Jerry seems to connect the dirt on the fruit to the 
rotting process. He also sees insects as part of the 
process. 
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thG tip of it is starting to turn to dirt morG 
than thG othGr parts, so I think it's gonna, urn, 
start from thG tip down moro. 
“ it's alrGady rotton and than it sort of starts to 
turn into dirt. 
finally it turns to dirt aftor a whila. 
thG applG is starting to disintagrata at tha top 
right thara. 
bacausG it's gatting darkar-and it looks lika 
it's gatting sort of dirty. 
- wall, on tha appla, tha bugs that got in it ara 
probably crawling around and making it sort of 
compost mora, and disintagrata, and insida tha 
oranga, it's urn, rotting. Wall, of coursa, it's 
in with tha appla. 
- tha mousG looks lika it's sort of hard, . . . 
that it's hardaning up . . . whan it starts to 
rot. 
Jay talks about tha insacts living in tha fruit aftar 
a hola appaars, but doasn't say that thara's any connaction 
to tha procGss of dacay. Ha doas talk about tha changas in 
appaarancG, spacifically avidanca that thara is a drying 
out involvad. 
- tha mousG's skin saams to ba paaling off laaving 
tha back. 
mayba lika soma dirt and stuff got on to it and 
partly that got, it's pratty old now. 
75 
- (apple) all crinkled up and it's, urn, and there's 
no juice or anything or water or anything. 
” it's sort of, like if you stomp on something, 
it'll go mushy and sort of like lets out all the 
juice out, I think, so some of the juice came out 
of them. 
it's like some of them split and the juice is 
releasing. 
ah, a hole, a worm in it? Probably bugs are 
starting to live in there or something. 
- the apple because of the hole got in it, I think 
. . . it makes some changes, because all the 
juice would probably come out. 
- the mouse, urn, still pretty much looks the same. 
It's a little bit urn, maybe it lost a teeny bit 
of stuff, but not enough to tell. 
Cathy is very descriptive about the process of decay. 
She is the only child to speak about the smell of decaying 
matter. 
- it's kind of getting a little like, . . . dirty 
and getting bruised . . . 
- I would assume that there would be more bugs 
around the mouse, because, well maybe it won't 
until the hair falls off enough . . ..cause see, 
the hair covers up like the smell of it. So when 
something starts to rot, like a mouse or 
something, it starts to smell, so the flies will 
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smell them, . . . enough and come and want to eat 
it. . . 
- the mouse got really, it kinda shrunk . . . like 
he's getting just like bones, but there's still 
hair left on him and he's, it's like his eye is 
kind of gone, because it was more bulging out 
before. 
- the carrot . . . it's splintered in with those 
leaves and it's, so it's really getting urn, it's 
shrinking, it's getting brown and kinda 
wrinkly. . . 
the color of the orange gets pale and it doesn't 
hold the color when you smash it, maybe the fruit 
and the skin go kind of, they smash together. 
- and the whole thing is pretty like wrinkled 
because the bottom is getting all like rotted. 
- the orange, it looks like you could still eat it, 
but the insides is probably still, is very 
rotten. 
John referred to mold from the very first observations 
even before any changes were noticed. That seemed to 
dominate his thoughts on the process. 
- the lemon had like white spots on it, from mold 
. . . and mold just like grows on it and eats it. 
- for the apple, I think it started a little sooner 
inside and then started outside. 
77 
“ it takes a lot more time for larger things to 
mold. 
- I think the lemon and the orange rotted sooner 
from the inside on out, and the apple sort of did 
it at the same time. Same with the carrot. 
Bob, like others, thinks about the disappearing 
aspect. "Getting skinnier," as he says, seems to fit into 
that thinking. 
- the mouse, urn, like a lot of it's changing..like 
the flesh on the mouse, like on it's feet, looks 
like it disappeared or something, looks all 
brittle and weak. 
- I don't know what's going to happen to the mouse. 
It might get skinnier. 
- it sorta looks like something is sticking out of 
its stomach. Maybe like all the flesh dried up 
and the bones are sticking up and pushing the 
skin and fur out. 
- this is starting to blend in with the dirt. 
- it (apple) looks like it's starting to rot, like 
along the core of it. 
- the orange, it looks pretty much the same. It 
could've gotten smaller, but I don't even notice 
that. 
- after a dead mouse sits out for a while, certain 
things happen to it, like it gets skinnier. 
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- one thing is that it's smaller, and the other 
thing ... it just looks like it's gonna change 
faster that the others. 
The children's ideas on the process of decay reflected 
their attention to the details of the changes noticed 
through repeated observations. All commented on the 
slowness of the process and drew certain conclusions from 
their observations. They thought that the changes in 
appearance indicated that (1) insects played a role; 
(2) juice was eliminated; (3) mold appeared; and (4) all 
was turning to soil or disappearing. There was no 
indication that microorganisms played an important role in 
the process of decay, nor did the children understand fully 
the cyclical nature of matter. 
Decomposition Causes. The children's ideas for the 
causes of decay flowed rather easily. Their explanations 
were affected greatly by what was happening or not 
happening around them. During the initial phase of the 
study, the weather was cold, wet and cloudy. Very few 
changes were occurring in the cage. The children 
attributed this to the lack of warmth and sunshine. When 
it became more sunny, there were comments about the fruit 
being in the shade of the bushes. Meanwhile the carrot and 
the mouse (which happened to be more in the open) were 
changing rapidly. In one month's time the carrot was 
almost totally brown, while the lemon and the orange showed 
almost no changes at all. 
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After several weeks had elapsed, the children 
suggested that the lack of sunshine was the reason for the 
delay. When two months had elapsed, with still few changes 
in the fruit noted, the cage was moved to a sunnier 
location in the courtyard. By this time, the weather was 
also considerably warmer and sunnier. Coincidentally, the 
apple began to turn brown and the orange also started to 
show signs of change. The changes finally being noticed in 
the fruit were generally attributed to' the relocation of 
the cage. Although some mention was made of the time that 
had elapsed, the warmth of the new location was credited 
for the signs of decay. 
There were other reasons the children gave for the 
presence of decay. By saying that the skin provided 
protection, they were saying that without the skin, the 
fruit would be allowed to rot. This idea seemed to be 
supported by the evidence that the carrot, which has a thin 
outer covering, rotted first. John and Bob referred 
explicitly to the exposure of the objects to the bacteria 
in the air as contributing factors in decomposition. Jerry 
and Helen spoke simply about air causing the rotting. 
Others talked about the skin providing protection from the 
sun and rain. 
Another idea which was supported by the experience 
with the carrot was the suggestion that if there were less 
juice in the fruit, it would rot more quickly. The amount 
of juice and the size of the fruit, in general, seemed to 
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factor into the acceleration of the process. These are not 
suggested here as direct causes of decay but nevertheless 
they indicate how the children think this process happens. 
There was also an indication that insects play a role here. 
However, the children did not elaborate on any theories 
about the insects other than to say that they would eat the 
mouse and fruit. One child, Jerry, spoke about the bugs 
making compost out of it. 
Also, there were a few references•to these happenings 
as a result of the way things disintegrate. Cathy said the 
mouse was thin because it hadn't eaten, implying that if no 
food was going in, the body would get thin. 
In general, it appeared that the children were not 
saying there was one cause for the decay of these objects, 
but several: the position of the cage in relation to the 
sun, the weather, and the exposure to air and bacteria in 
the air. 
Andrew has a unique expression for his thinking about 
what triggers the decomposition. He says that if something 
is out of its natural habitat, it will rot. 
- it's because it's warm outside . . . 
- it's hot used to it (sunlight) because the carrot 
sorta comes from the ground 
- it's like a lot of sunlight and mice usually dig 
burrows into the ground, so they don't really get 
that much sun. 
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the skin still protecting the juice, so . . . 
won't burn up . . . and just turn into rot. 
if you break something off, then it's not in its 
natural habitat (apple off branch) 
if it's used to those juices, then you get the 
juice out . . . that's how it's going to rot. 
I think it gets so wet that it's gonna rot 
it's like you can't really see the changes, but 
it's still changing inside its body, 
it's not going to change outside until it changes 
inside. 
(brown) at the top, because the top's getting 
more air than the bottom. 
it's sorta rotting, because ... if you lean 
against somebody or the ground, it's giving you 
body heat. 
the orange and the lemon aren't rotting as fast 
as the carrot, the apple and the mouse is because 
they have thicker skin than all of them. 
(brown) at the top, because the top's getting 
more air than the bottom. 
the mouse . . . it's not really use to this kind 
of weather. 
it's getting cold and hot, then he doesn't know 
what temperature to stay with. 
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Helen seems to be preoccupied with what's happening on 
the inside. She also has more than that one suggestion for 
why the rotting is happening. 
it (inside change) happens when they have a tough 
skin like an orange and the lemon. 
- I wonder about the insect there, if they're going 
to . . . eat anything in here. 
not disintegrating as fast because they have a 
rind on them. 
- it might be going a little faster now that it's 
in it's different place. 
“ I still think there's something going on inside 
the orange and the lemon because it's . . . 
- if it gets warm . . . might rot a little bit more 
- the carrot . . . like the inside is rotting. The 
outside isn't. 
- the reason ... is because this inside is 
rotting and the outside is staying the same, so 
the inside is getting too small for the outside. 
- they're in their holes because it's too cold for 
them, and only the brave ones come out. 
- bugs love this kind of thing. 
Jerry states the same reasons mentioned by the others, 
but it appears that heat is his primary choice for the 
cause of change. 
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- because it's not protected from the outside a lot 
and because it's been out here a long time and 
it's gotten sort of dried out. 
•" doesn't have as much protection as these other 
fruits have . . . like the lemon has a much 
better covering over it. 
- the apple is staying better because it's urn, it's 
more in the shade. 
where the stem used to be, it'll start to get, 
urn, that rottedness. Because that's how it urn, 
that's where they get the food to the fruit, and 
it's opened up, sort of. 
- I think the hot makes the biggest changes. 
- the bugs that got in it are probably crawling 
around and making it sort of urn, urn, compost 
more. 
it's sort of starting on the outside and then 
goes to the inside. 
- the worms make a hole so it starts rotting more. 
Let's see, air gets into the inside. 
Jay sums up his reasons for decay with protection of 
the skin, weather and the position of the objects. 
- the orange, the apple and . . . nothing's still 
happening to them...the reason is, is because 
basically the skin over it. 
- well, the mouse has skin, but it's not like the 
lemon and the orange. 
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“ the reason it's not a very long time for changes 
to happen. 
- (what makes a difference?) the weather probably 
. . . urn, the placement of it (the objects) 
- the lemon and the orange have a thick skin around 
it. And the apple, I don't know why the sun 
hasn't got to it yet. 
Cathy provides a variety of explanations for the 
decaying process. Of interest is her statement, "just 
lying there, it rots" implying that things just happen this 
way. 
- because of the rain and the dirt's very moist. 
- he's thin because he hasn't eaten and it's just 
everything in his body is starting to 
disintegrate. 
- the rain doesn't do much to a fruit that has 
skin. 
- well, the orange and the lemon have skin on it, 
and it's very ten . . . you know, the skin is 
very hard . . . so, it's like, um, the orange has 
a lot of protection. 
- because maybe of a, just lying there, it rots. 
But maybe the skin protects it a lot. 
- if you have an orange, inside the orange, it gets 
kinda rotten cause sitting there, so maybe it 
would affect the skin, you know. 
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“ you could see everything is turning a dark color, 
probably because the insides of him are rotting 
and everything. 
John provides many of the same explanations as the 
other children. He also suggests that the amount of liquid 
and size of the object make a difference. 
- the reason why it shrivels up because it doesn't 
have any liquid in it. The carrot has less 
liquid than an orange, an apple or lemon. 
the orange, well, the peel, I think it, urn, keeps 
in most of the moisture and juice so that, didn't 
rot soon, er, it took a while to rot. 
the apple, it's big and it had a lot of juice, 
and that'll take more to dry out. 
- it had the least juice and protection, .made it go 
slower. 
I think the sun, urn, the moisture. 
- the bacteria in the air, that's what gets on it. 
Bob, unlike the others, comments that the fresh 
outdoor air makes a difference. 
- if it really gets hot, like maybe..maybe like dry 
out the fruit, or something. 
- because, I think I know why. It's not like 
indoors, it's outdoors. There's more fresh air 
outdoors. 
- I don't know. I think the bacteria . . . yeah, 
er, the insects, the weather could do all that. 
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In summary, the children's thinking about the causes 
of decay were based largely on the observed conditions 
surrounding the cage. They determined that exposure to 
heat and air were the major contributors. Some references 
were made concerning the influence of outside factors, 
particularly insects. There was also talk about the 
rotting of the inside causing the outside to rot. This 
reasoning suggested more of an explanation for what was 
happening than a general understanding of causation in 
decay. 
Expectations/Predictions 
At the end of each interview, the children were 
routinely asked what they thought would happen next. In 
the beginning of the study, most thought that the objects 
in the cage would rot very quickly. Some said this 
outright and others revealed it later when their 
expectations hadn't been met. All thought there would be 
changes. After realizing that the process was much slower 
than expected, the children began to predict smaller 
changes for their next visits. They would include 
statements like, "the carrot would be more brown," "the 
mouse would be thinner, " and so on. It seemed very obvious 
that the children were making their predictions based on 
their experiences in this project and also on their past 
experiences. More than one said that if something rots a 
little, it can be expected to rot a little more. In 
essence, rotting is progressive. 
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As the children's descriptions became more detailed in 
what they saw, their predictions showed the same detail. 
Some would describe changes they expected in each object. 
It was apparent that they were all learning to be more 
observant as time progressed. 
Occasionally, children would make predictions that 
they were hesitant about, or they couldn't give reasons for 
what they thought would happen. Helen said, "I don't 
really want to say this, because it's probably not going to 
happen, but the three slowpokes might change." Not being 
able to explain their thinking didn't seem to stop the 
children from saying what they thought. There were times, 
though, when it was difficult to follow their rambling 
thoughts. Andrew said about the mouse, ". . .if you keep 
a mouse out for a long time it might not disappear. It 
might disappear sooner, it might not disappear at all, 
well, it's gonna eventually." Then when asked where his 
ideas came from, "you can look at it and you can't prove 
anything that it's gonna . . . it's like I like estimate 
when it's going to disintegrate." He went on to explain 
"it's really hard to be wrong or right. Because, if you're 
right, the bones have it and if you're wrong, then none of 
it has." More clarification was provided when he 
continued, "If you're right, like you can't really be 
right. Because, it's still gonna be in the ground, except 
it's like all into molecules." This all seems to indicate 
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that Andrew thinks it will be impossible to verify what you 
say if the evidence is reduced to molecular size. 
Sometimes answering questions for themselves brought 
the children to no certain conclusions. Jerry thought 
"that the apple was gonna urn, turn into, urn, to rot first, 
urn, more than the carrot..cause it, I didn't think it had 
as much of a covering as a carrot did." He then reasoned 
that the apple must "have stayed better" because it was in 
the shade. He also expected the mouse to be "all eaten up 
by insects." There was no explanation in his mind for the 
fact that this did not occur. 
The children reacted in a variety of ways when their 
predictions or expectations weren't realized. Sometimes 
they made sense of the new reality. For instance, when Jay 
didn't see anything change in the cage from the last visit, 
he said "it goes real slowly, like, it's like growing, you 
can't really see it that well." The thickness of the skin 
was something that became significant to the process when 
the children saw the lemon and orange went unchanged for a 
long time. 
Another reaction to unexplained events was to admit 
they didn't know why this happened. Jay said, "the lemon 
and the orange have a thick skin around it. And the apple, 
I don't know why the sun hasn't got to it yet." He said he 
thought the skin on the mouse was peeling, so that 
explained for him the remaining thin-skinned object. 
89 
Finally, the children would give a teleological 
explanation for unexpected events. Some examples are: "it 
just looks like it's gonna change faster than the others" 
according to Helen, and "I think the lemon might be 
different from the apple" from Jerry. 
Furthermore, as described in the profiles section, the 
children have developed some elaborate theories because of 
these discrepant events. Whether their ideas sprang from 
these or were preconceived is not always clear. 
The following excerpts from the transcripts illustrate 
some of the ideas the children had which revealed their 
prior and spontaneous thinking on the topic of 
decomposition: 
Andrew is persistent in predicting that something will 
disappear by the next visit. His theories about how this 
will all happen come through in his expectations and 
predictions. He is the only child who specified in detail 
what would happen after things went into the soil. 
- I thought it was going to be bones now. 
- I think the mouse is going to disintegrate, and 
it's going to . . . have bones . . . then the 
bones are just going to disintegrate . . . maybe 
five days or, for the bones, about a week, or 
maybe two weeks. 
- the vegetable you don't have to worry about, 
cause that's going to go away and it's sorta 
going to go inside of the ground, sort of. 
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so then it would just go under and make more 
trees. 
“ I think on the bottom . . . it's not gonna be as 
ripe as the top. 
- Well, the juice is gonna eventually, like gonna 
squirt out. Well, not squirt out, but it's gonna 
like drop off. 
~ There's going to be nothing there. Oh, the mouse 
is still there. 
I thought at least the tail wasn't going to be 
there. 
- it's going to be the same thing, except it's 
going to be smaller than molecules. 
- the carrot is going to be gone and the mouse is 
going to just have bones, or either going to be 
in the ground, and the apple is going to have 
more like brown spots on it, and the orange is 
going to have like, the same as the apple right 
now, and so is the lemon. 
- I expected the mouse to be gone, all of them to 
be gone, but I guess I was wrong. . . 
Helen predicts that there will be small changes and 
then, when several observations have taken place, she 
reveals that she had expected all along that something 
would have disappeared since the last time she was there. 
I think it's going to stay maybe the same, except 
maybe the mouse will thaw a bit. 
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If it gets warm, I think it might rot a little 
bit more. 
the carrot will be even more brown, and the mouse 
^ill ... something will happen to the mouse. 
~ 1 think maybe the mouse will be even more 
invisible and the carrot might be more browner 
and . . . the three slowpokes might change. 
- I didn't guess about the carrot being all 
shriveled up. 
“ It just looks like it's going to change faster 
than the others. 
It looks like it's (mouse) going to be the first 
to totally disappear. 
- I keep thinking the mouse will disappear, but 
it's still there. 
- I don't know whether it's going any faster, or 
not. I think it might be going a little faster, 
now that it's in it's different place. 
Jerry also thinks that the process should have been 
much faster. 
- the tip of it (carrot) is starting to turn to 
dirt more than the other parts, so I think it's 
gonna urn, start from the tip down more. 
- I thought that the mouse was gonna be urn, all 
different than this, sort of . . . that it would 
be more eaten up, . . .by insects . . . 
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- They're gonna take a lot of, probably about, I'm 
not sure. Um, I think two more weeks to sort of 
change. 
” the lemon, um, the side closest to the bush will 
start to um, sort of disintegrate. The orange, 
where the stem used to be, it'll start to get, 
um, that rottedness. 
- I think the apple will start to shrivel up and 
shrink . . . the mouse is being eaten up by a lot 
of ants . . . and it's gonna start to, well, it's 
going to keep on shrinking. 
I don't think it'll (orange) change in the month 
of May, maybe a little, but, when it gets hotter 
it might start changing. 
- I didn't think that the heat would make such a 
big difference. 
Jay seems a bit guarded in revealing his expectations. 
He first says that he thought the mouse would look very 
different and then he comes right out and says he thought 
it would have disappeared since his last visit. 
- I thought the mouse was gonna look a whole lot 
different than it does. Like harder. It was 
gonna be missing, or something like that. 
- I think the mouse will stay the same and the 
carrot will look a lot more rotted. 
- I thought it was going to be faster. 
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Cathy, as is obvious in the rest of her observation 
tapes, gives the impression that she is formulating her 
ideas as she speaks. 
- I would assume that there would be more bugs 
around the mouse, because, well, maybe it won't 
until the hair falls off enough . . . 
- Maybe it'll start getting soggy or something, 
and it might make a little sink in the ground. 
- I would expect the orange to get very bruised. 
John, like the others, revises his predictions based 
on what he sees happening or not happening. 
I think the carrot, orange and apple will shrivel 
up and fully mold. And I think the mouse will 
just mold. 
I think the mouse will take the longest. 
- I thought the apple would have been getting 
dents. 
- I still think the apple will rot, maybe it just 
needs a little more time. 
- I think if it had more sun, it would go more 
quickly. 
— I thought the mouse would decay more than that, 
not much, but a little bit. 
Bob states it well when he talks about learning from 
what he saw happening. He was the only one to reflect on 
his own thinking. 
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I thought that some of the fruit was going to 
rot, but I guess if they're going to rot, it's 
going to rot later on. 
The fruit seems pretty fresh. I think it will be 
a while before it rots. 
like after the first time you only saw it, things 
once, but after the second time like it, like if 
the carrot rots, like a little bit, you'd like 
expect it to rot more. 
The lemon is going to get more moldy, the carrot, 
white mold spots, the lemon is going to get and 
the carrot is going to get like brown mold spots. 
I don't think the fruit's going to change that 
much, but the mouse will get like skinnier and 
maybe, well, I don't know what 's going to happen 
to the mouse. It might get skinnier. 
If it gets really hot, like maybe . . . dry out 
the fruit, or something. 
I think the orange is going to get green mold 
spots, the apple is going to get brown mold 
spots. I'm not quite sure about the lemon. 
That's it. 
(insects) probably eat the apple. I think they'd 
eat some of the apple. I don't know about the 
orange and the lemon because of (the) cover or 
shell . . . 
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Throughout the transcripts, it was evident that the 
children felt comfortable revealing discrepancies between 
what they thought would happen and what they actually 
experienced. Stating predictions for future events did not 
come as naturally for them. That may have been because the 
routine was set which called for these predictions as part 
of the interview process. 
In conclusion, the children generally expected the 
objects to rot and to do so by turning brown, getting 
smaller, and so on. What they did not expect was that the 
amount of time for this to occur varied greatly. They also 
did not expect the process to take very long. 
At times, the children offered explanations for the 
unexpected occurrences, as in a detailed theory or a simple 
acceptance of the way things are. Occasionally, the 
children would express how these happenings presented 
questions in their minds. 
Summary 
This chapter has presented the words of seven children 
and explored their thoughts on certain themes concerning 
the topic of decomposition of organic material. The source 
of the data for the children's ideas is mainly the 
interviews conducted with the individuals. Notes kept by 
the researcher as the study progressed confirmed the 
findings from the data. These notes consisted of questions 
to ask individual children at their next observation/ 
interview and questions about the process including 
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possible suggestions for guiding the direction of the 
study. The information about the children's thinking 
gleaned from the logs also corroborated the account taken 
from the transcripts of the interviews. With few 
exceptions, the logs were used mostly to record 
observations already stated in the taped interview. There 
were few questions posed about upcoming changes, no child 
theories and no data indicating that the children were 
collaborating with their partners. 
The next chapter will address the usefulness of the 
specific methods of data gathering. It will also 
incorporate further insights concluded from the data. 
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CHAPTER V 
CONCLUSIONS AND RECOMMENDATIONS 
Overview 
The purpose of this chapter is to articulate the 
findings of this study. First, the study will be 
summarized with a brief review of the proposed objectives 
for this study, the methodology used to attain those goals, 
and the findings that resulted. 
The second section will explore conclusions from the 
findings. The focus of this examination will be to discuss 
the manner in which children approach a scientific 
experience. 
Finally, the implications of the study will be 
provided including recommendations for teachers and 
suggestions for further research. 
Summary of the Study 
This study was proposed in order to provide 
information regarding children's ideas in science, 
particularly in the area of decomposition of organic 
matter. More specifically, this study attempted to examine 
the formation and revision of ideas within a small group of 
children. The manner in which these children articulated 
their ideas over a period of time was expected to reveal 
whether: 
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1) they shared concepts and strategies for learning 
with each other. 
2) there was evidence of consistency within an 
individual's conceptual frameworks. 
3) there was evidence of group meaning making. 
4) the age of children affected their approach to 
the tasks in the study. 
The anticipated benefit of this study was to gain 
insight into particular aspects of children's learning in 
order to inform the planning of future learning experiences 
for children. 
A qualitative research study was designed and 
implemented to investigate this inquiry into children's 
learning. Loosely structured interviews were conducted 
over a period of three months with twelve children, ages 8, 
10, and 12 years old. Learning logs were kept by the 
participants and notes concerning the progress of the study 
were kept by the researcher. 
Profiles were constructed from seven of the study's 
participants based on the interview data. Each profile was 
intended to clearly represent the participant's view of his 
or her own world. The profiles also presented some actual 
participant expressions to illustrate those ideas. 
Further analysis was completed by exploring three 
major themes that emerged from the transcript data: 
1) the language used to describe the participants' 
experiences 
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2) the explanations that participants provided for 
the scientific process observed 
3) participant predictions of what would happen next 
as well as the expectations expressed for what 
had already occurred. 
Through close examination of the data according to the 
themes mentioned above, specific conclusions were drawn 
about children's preconceptions, conceptual frameworks and 
theories. They are presented in the next section in 
addition to some conclusions about this particular study. 
Conclusions from the Findings 
Preconceptions 
Although the participants had no instruction and 
little experience in the area of decomposition, they came 
to the project possessing certain ideas relevant to the 
topic. The children believed there would be quick and 
drastic changes in the decomposing material. In addition, 
they expected the material would disappear quickly. 
Another apparent preconception concerned the weather as a 
factor in the decay process. Furthermore, they thought 
insects would be a significant feature in the process of 
decay. Moreover, there was an expectation that smell would 
be an accompaniment to the process of decay. Actually, 
there was no discernible smell and there were very few 
signs of insects. The participants' emphasis on these two 
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aspects was derived mostly from prior rather than current 
experiences. 
Most of the preconceptions these children had about 
decomposition were revealed in the brief questionnaire 
given before the project started and through the 
expectations revealed throughout the interview process. 
Some of the participant theories about certain aspects or 
causes of the process might have been present prior to this 
experience. It is also possible that.these ideas might 
have been constructed spontaneously when the participants 
were confronted with the need for an explanation. 
Some of the participants' ideas can be rather easily 
ascribed to the prior learning category. However, it is 
questionable whether other ideas were assimilated as a 
result of the participants' experience in the study, 
utilizing prior knowledge, or part of their prior knowledge 
set. It was apparent, however, that certain ideas 
involving changes in thinking about the topic resulted from 
the experience in this study. 
Conceptual Frameworks 
A major concept in the children's thinking, as 
revealed in this study, has to do with the final 
disposition of matter. By stating that the objects would 
disappear, perhaps the children were not understanding that 
the amount of matter was conserved. There is the 
possibility that "disappear" meant to them that the matter 
couldn't be seen, but did exist in another form. When the 
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childrGn could Gxplain that thG inatGrial would bGconiG soil, 
thGy WGrG infGrring that there was a changG in mattar. 
Evan though thasG childran could understand and explain 
that this organic material enriched the soil, they were not 
able to elaborate on the process, nor did they have an 
understanding of the cycling of energy. For the most part, 
the children in this study saw the soil as the end place in 
the decomposition process. It became clear to me through 
this study, that children's knowledge-is limited by their 
actual experiences. 
The children all thought the objects would decay very 
rapidly at the beginning of the project. They soon learned 
that the process required much more time. They also 
learned that the various objects would take differing 
amounts of time to decay. Although all children in the 
study realized this process was generally much slower than 
originally expected, they differed in the time taken to 
accept this new knowledge. Some children expressed 
surprise at the slowness of change and then persisted in 
their expectations that something would soon disappear. 
The discrepancy of the events was easier for others to 
accept. They readily adjusted their thinking and thus 
their predictions. 
Any learning about the causes of decomposition as a 
result of this experience could not be identified from this 
study. Ideas about external and/or internal causes 
appeared to be a product of prior knowledge. Thinking 
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varied from child to child concerning this concept and most 
could not verify their reasons for thinking one way or 
another. From the interviews, it could be concluded that 
some children thought things just happened this way. 
Others said that outside agents, such as insects, caused 
things to decay. 
It was apparent that the children distinguished 
between prevention from decay and cause of decay. Cold 
temperatures during the earlier interviews and the objects' 
skin were seen as deterrents to the decaying process. The 
warm weather, however, was cited as the cause for decay 
seen in the objects. Specifically, the fruit began to show 
signs of decay with the appearance of sunnier, warmer 
weather. 
It was difficult to draw any definite conclusions 
about commonality in the participants' thinking concerning 
causation. Some said that the changes on the inside of the 
object were causing the outside to change, while others 
thought one happened before the other, implying no 
causation. One idea shared by most children was their 
understanding of the progressive aspect of decomposition. 
The children did explain from past experiences that 
objects rotted both inside and out. When rotting did not 
seem to appear on the outside, some concluded that it was 
happening on the inside and hadn't yet reached the outside. 
Others didn't suggest this at all. For example, John 
thought that the lemon and orange rotted from the inside 
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out while the apple and carrot rotted all at once. It was 
noted that many different ideas were constructed about the 
process. This indicated that the observed features alone 
did not provide an explanation for the phenomena. 
The data did clearly suggest that these children 
improved in their observation skills. Their descriptions 
were increasingly more detailed as time progressed. With 
this growth in detail, the children also showed an increase 
in their ability to make predictions.- 
The findings in this study confirmed most of those 
concluded in the earlier studies about decomposition. For 
example, the presence of teleological, egocentric, and 
anthropomorphic explanations was also evident in these 
data. Also, children's language in both early and present 
studies did not always reveal their understandings. It was 
particularly interesting to note the consistency with 
regard to causation. I found that the younger children 
thought in terms of physical causes while the older ones 
gave biological reasons for decay. 
Theories 
From this study, I noted that children possess 
intuitive ideas which direct them to construct personal 
explanations for the phenomena they observe. Although the 
theories described by the children were idiosyncratic, 
there were some common characteristics. For example. Jay's 
theory about juice going out of holes in the fruit was 
similar to the ideas of others who reported that the skin 
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holds in the juice. However, Jay elaborates on his 
thinking when he says that if he poked a hole in the 
orange, the juice would all come out. 
A few children theorized that the larger fruit would 
take longer to decay because of the presence of more juice. 
This conclusion did not follow from any observations of 
smaller fruit looking more decayed than larger fruit. 
Actually, both citrus fruits showed signs of decay at the 
same time. This theory was constructed after the children 
noticed that the larger fruit looked unchanged for a long 
time. The children focused their attention on the larger 
fruit and ignored the smaller one. They also seemed 
confused in their thinking about the starting time of the 
decaying process and its duration. This was an example of 
thinking among children where they arrive at a sensible 
conclusion, though unrelated to the situation. 
Another commonality among theories was described by 
Bob and Jerry concerning the direction of the rotting in 
some fruit. Jerry had a detailed theory about the decay 
starting at the stem (because there's an opening there) and 
proceeding down from there. Bob mentioned that he thought 
the apple was rotting along the core. There were other 
suggestions about the rotting continuing in the direction 
started. I did not see these as examples of children's 
theories, but instead, predictions based on their 
observations. 
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Examples of commonalities among children's theories 
appeared no more frequently than the presence of unique 
theories. Cathy had an interesting and unique theory that 
the hair on the mouse "checks" or covers the smell of 
decay. She thought that once the hair would be gone, the 
insects would be able to smell the mouse and would then 
come to eat it. This is an example of certain 
anthropomorphic ideas where children compare animals' 
actions to human behavior. Other examples of this are: 
the mouse losing weight because he wasn't eating; the brave 
ones (ants) coming out of the holes (from hiding); and the 
citrus fruit being referred to as "slowpokes" because they 
were slow to reveal signs of decay. There were significant 
examples of animistic characteristics and anthropomorphic 
references throughout the transcripts. Although it was not 
the intention of this research, it might be interesting to 
explore how these two types of children's thinking, 
animistic characteristics and anthropomorphic references, 
help or hinder the acquisition of scientifically acceptable 
ideas. 
Although the children revised their expectations as 
the study progressed, there was no indication that their 
theories were reviewed and changed throughout the study. 
If the project were allowed to continue to the completion 
of the decomposition of the objects, it might have been 
quite interesting to explore the possibility of theory 
changes. 
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Evaluation of the Study 
The model of an interview using actual objects for 
probes has been recommended as a valuable method for 
determining children's understanding (White & Gunstone, 
1992). I have found that using this method was very 
successful as a vehicle for revealing children's 
understandings about the process of decomposition. This 
study format was intended to simulate a learning situation. 
However, a negative outcome might result if children felt 
they were being evaluated by a teacher. The pressure on 
the children to perform is potentially high in an interview 
setting, lacking the comfort generally found in the 
classroom. Using the cage setup, made it possible for the 
children to focus their attention on something other than 
themselves, their performance and the teacher-researcher. 
The novelty of the objects and tasks in this study aided in 
providing an informality to the interviews. 
The individual interviews were the source of the best 
information on the children's ideas. I was frequently 
surprised at the varied interpretations the individuals had 
for apparently identical situations. Throughout the study, 
I was able to verify what children were trying to tell me, 
and how they were formulating their ideas over a long 
period of time. As a teacher, it made me realize the 
importance of "wait time" and listening. 
While the open structure provided many benefits, 
including allowing for the children to control the 
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direction of the interviews, it did present some 
limitations. I'found that I was often restrained from 
achieving a certain depth of information on a few topics. 
In Josh's case, for instance, further probing may have 
uncovered more of his thinking on microbes. At the same 
time, the teacher in me wanted to challenge some 
inconsistencies in their responses. There were questions 
that I might have asked and still kept within the bounds of 
the unstructured design of questioning. I might have 
pursued more in-depth questioning about how the children 
thought things would disappear. Some examples of possible 
questions are: Would they get smaller and smaller?; What 
does completely rotted look like?; Is there a pattern to 
the decay? Overall, I found the format proved more helpful 
in revealing rather than restraining information. 
The logs kept by the children at the conclusion of 
each observation revealed little more than the interviews. 
It was expected that the logs would elicit additional 
information forgotten during the interview or that the 
children thought about at a later time. It was also 
expected that the children would share their ideas with 
each other as they wrote together. However, the logs 
simply yielded an abbreviated versions of the interviews. 
The logs might have been more helpful had I used them as a 
vehicle to interact with the children, as I would with any 
other learning log or journal. My interactions might have 
encouraged the children to attach more importance to the 
108 
thGir logs, stimulatGd. morG thinking about what thoy 
rGportGd in thoir intorviows. 
ThG social aspGct of iGarning was dGfinitGly prGSGnt 
throughout thG study. SontG of it was built in through thG 
plannGd partnor obsGrvations and thG fGW group mGGtings. 
It was also found that thG childrGn talkGd amongst 
thGmsGlvGS in addition to thG formal mGGtings. ThGSG 
casual mGGtings wGrG GvidGncGd whGn nGws circulatGd among 
thG group that somGonG had puncturod a holG in thG applG. 
Occasionally, individuals would discuss, during their 
interviews, ideas they shared with their partners. Group 
interviews may have been a source of data on social 
learning. As an outcome of this study's design, however, 
it was not clear what role social learning played in the 
formation or change of ideas and theories. 
The partnerships were arranged according to age, based 
on the assumption that the communication of ideas would be 
easier between children of the same age and that it would 
be simpler to arrange visiting schedules. There was also 
an underlying intention to keep the data separated 
according to age levels. 
It was noted that children showed likenesses and 
differences according to their ages. They also showed 
similarities regardless of their age groups. When grouped 
according to the results of the data, it appeared that the 
eight-year-old children and the older ones were two 
groupings. The ten and twelve-year-olds appeared to have 
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little that separated them from each other in how they 
approached the study. 
All of the children showed about the same amount of 
theory-building, regardless of age. Theories constructed 
by the older children were less naive and relied more on 
outside information, whereas the younger participants' 
ideas were based primarily on experience and imagination. 
When looking for scientific answers, both groups held the 
same basic understanding of decomposition. Neither group 
completely understood the concept of cycling. 
There were scarce data concerning the presence of 
microorganisms in the process. These ideas were reserved 
to a few older children, showing they had more prior 
knowledge. It was interesting to me that the older 
children described the changing appearance of the objects 
in a rather methodical manner. The younger children's 
transcripts revealed more explanation about the process. 
They also seemed more comfortable with discrepant events. 
These were acceptable to the younger children in general, 
and seemed to give rise to their theories. Moreover, their 
transcripts possessed more creative expressions and 
anthropomorphic ideas, as was expected. 
Implications for Teaching 
The methodology for this study proved to be very 
beneficial in providing insight into the manner in which 
children think. Specifically, conducting the interviews 
over a period of time allowed for consistency checks in the 
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responses, making it easier for the researcher to interpret 
those responses. This type of research also reinforces the 
contention that a "hands-on" experience in science 
education should be accompanied with a "minds-on" 
processing approach. Assumptions are frequently made that 
children are learning intended material simply because they 
are experiencing it. In this study, close observation of 
children in a learning situation revealed that the same 
experience resulted in diverse interpretations of the 
phenomena. 
It is well known that experiences enrich the learning 
act. This fact was reinforced throughout this research 
project. It was also apparent, however, that observing a 
single variable could limit children's thinking. For 
example, if it was raining at the time a change was noticed 
in the decaying objects, the children attributed that 
change to the rain. The implication here is that multiple 
varied experiences are required for children's thinking to 
be challenged. 
Language provides teachers with the basic method for 
assessing student's learning: listening to them tell what 
they know. From this study, it became apparent that 
children are frequently imprecise and inaccurate in their 
reporting on the phenomena. For example, consistent 
references to the evidence and presence of worms when there 
were none, indicated more than a language deficiency. 
Other examples of imprecise language required children to 
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clarify what they meant. I was struck by the frequency of 
this occurrence and realized what the implications might be 
for the classroom setting. Teachers need to understand 
that the art of communicating with children can be crucial 
to assessing what they know. 
The regular classroom setting might not be the ideal 
environment for close scrutiny of children's learning 
process. There are many distractors that inhibit probing 
for an individual student's thinking in any given activity. 
However, I believe that it is important for educators to 
look more closely at how learning occurs and that 
adjustments be made to the instructional procedures 
accordingly. 
Another suggestion, supported by this study, involves 
the use of the learning log. This tool allows the teacher 
to interact with individuals and thereby closely monitor 
the progress of students' thinking. Although it was not 
used effectively in this study, it became apparent that the 
learning log might have been a powerful aid to the teacher 
and to the children in reflecting on their own thinking. 
Recommendations for Further Research 
As mentioned earlier in this paper, there have been 
few studies of children's thinking about biological 
concepts and fewer still about their knowledge of cycling 
of organic matter. As this study confirms, children 
understand very little about the process of decomposition. 
Although this study confirmed the findings of earlier 
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research and extended those findings to include more 
information about children's learning, continued in-depth 
study might reveal more ideas concerning children's 
thinking on related topics. 
There is growing importance for the general public to 
be made more aware of ecological processes in the 
environment and it would seem necessary to educate the 
children about this topic. More studies such as this one 
could provide background information'for educational 
programs on this topic. 
This study highlighted the unique ideas of a few 
children and some instances of their resistance to change. 
There is a need for more understanding of children's naive 
ideas and how they affect the construction of scientific 
concepts. Particularly, more study in the area of how 
children's prior knowledge affects their learning would aid 
educators in their attempt to prevent misconceptions. 
Some questions that arose from this study that suggest 
further areas of research are: 
1) How do children's anthropocentric world views 
affect their learning of scientific concepts? 
2) What role does social learning play in children's 
personal meaning-making of scientific events and 
instruction. 
3) What are the factors that influence the building 
of conceptual frameworks? 
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4) How do children's imaginations interact with 
their experiences to create their personal belief 
systems? 
5) Do children have strategies for making sense of 
their world? 
6) What allows children to release their hold on 
misconceptions and is it possible to pinpoint the 
change in thinking? 
7) How do children use language to clarify and 
communicate their thinking? Are there ways of 
utilizing oral and written language to aid the 
learning and teaching process? 
A final recommendation for further research is one of 
strong support for the practice of teachers as researchers. 
Teachers contribute a unique perspective to the research 
process through their practical knowledge of the children. 
They understand personal issues students have that might 
affect their learning. They also have the benefit of 
observing children over time. Teachers are in fact 
collecting and analyzing data on a daily basis. As they 
endeavor to make sense of what they find in their own 
classrooms, they will also be encouraged to refer to the 
research findings of others. Ideally, research, as a 
component of teaching, allows the teacher to continually 
evaluate the learning process. This could lead to more 
effective assessment practices in schools, placing the 
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emphasis on understanding what and how children think, 
rather than on evaluating student performance. 
Conclusion 
In conclusion, this study has provided a glimpse at 
children's thinking about a science topic. By examining 
their ideas, I have attempted to discover ways in which 
children learn and to explore their alternative ideas. I 
have found that children's intuitive thinking is utilized 
to generate expanded theories and thus plays an important 
role in acquiring scientific concepts. Furthermore, it was 
revealed that children's conceptual frameworks are affected 
by other factors (i.e., their language, belief systems, 
social interaction, and experience with the world). 
Through more explorations of this type, educators and 
researchers will hopefully bring about more effective 
opportunities for children in the area of science. 
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APPENDIX A 
WRITTEN CONSENT FORM 
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STUDY OF CHILDREN'S IDEAS ABOUT DECOMPOSITION 
To the parents of participants in this study: 
Several children from Wildwood School are being asked 
to participate in an on-going science study. In this study 
children will be observing what happens to objects in 
nature if they are left alone. The study will include 
weekly visits to an enclosed outdoor site where some 
objects will be arranged for observation. Children 
participating in the study will be asked to draw pictures 
of what they see happening and record their ideas in a 
notebook. Also, the children will have their oral 
reactions tape-recorded. 
This study involves children from Wildwood School who 
are of the ages 8, 10, and 12 years bid. There will be 
some other participants in this study. However, parents 
will be asked not to present any additional information to 
the children on the topic of decomposition or related 
concepts. Parents are encouraged to ask their children 
about their observations and to show the interest they 
would in any school experience. 
A total of twelve children will be selected for 
participation in this project. If you agree to have your 
child participate, you can be assured that the information 
obtained will not be used in any form of grading or 
evaluation of your child. Also, if the information is used 
in my dissertation, future articles or workshops for 
teachers, actual names will not be used to assure your 
child's anonymity. At the conclusion of the study, I will 
be happy to share the results with interested parents and 
children. 
This study will not interfere with your child's 
regular schoolwork. There will be no homework expected, 
nor time taken from classes. In order to ensure this, 
there will be a schedule of meeting times before or after 
school and/or possibly Wednesday afternoons. The number of 
meetings per week will depend upon the child's desires. 
Generally, there will be two observations and one meeting 
with me per week, totaling one half hour. There may be two 
hour-long sessions with the entire group over the course of 
the study. 
I hope you and your child will be excited about 
participating in this project. If you choose to do so, 
please sign the form below. That will indicate that you 
agree to the terms stated above. You will also be agreeing 
to make no financial claim on me now or in the future for 
your child's participation. If your child does not choose 
to be a part of this study, he or she will not be placed at 
a disadvantage in any way. Also, any child who is unable 
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or unwilling to continue the project to the end, may 
withdraw at any time without prejudice. 
Thank you for considering this invitation to 
participate in my research. If you have any guestions, 
please call me (584—4160 or 549—6300) or send a note to me 
at Wildwood School. I look forward to the possibility of 
working with your child in the coming weeks. 
Sincerely, 
Terez Waldoch 
DO NOT DETACH. PLEASE SIGN AND RETURN ONE COPY OF THIS 
FORM. KEEP THE OTHER COPY FOR YOUR RECORDS. 
Participant's Consent: I, _, have 
read the statement above and agree to participate in the 
study under the conditions stated therein. 
Signature of Participant date 
Parent or Guardian's Consent: I, _, 
have read the statement above and agree to my son or 
daughter's participation in the study under the conditions 
stated therein. 
Signature of Parent or Guardian date 
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APPENDIX B 
LETTER TO PARENTS 
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March, 1993 
Dear Parents, 
I am a teacher at Wildwood School and a doctoral 
candidate in the science education program at the 
University of Massachusetts. This spring, I will begin the 
research for my thesis. The focus of this study is how 
children formulate ideas about science topics. I am 
interested in what ideas children have before instruction 
begins and how they incorporate new ideas with their 
original thinking. The topic of the children's scientific 
investigation is decomposition of matter. 
During the course of the next three months, I will be 
interviewing a group of children individually and together 
to gather the information I seek. Some dead organic 
matter, plant and animal, will be placed under a wire cage 
in the large courtyard outside of Mr. Chapman's office. 
The children participating in the study will visit the site 
before or after school to observe what happens. Over the 
course of the study, the children will keep records of 
their observations in personal notebooks. Their comments 
and pictures will be the content of the interviews I 
conduct with each of them. 
The time for the observations and interviews will not 
interfere with class instruction. The participants will be 
expected to spend about fifteen minutes before or after 
school, during recess or free periods. The interviews will 
either be conducted at that time or on Wednesday afternoon. 
I hope you will encourage your child to volunteer for 
this science research project. I believe it will be a very 
interesting and meaningful learning experience for all 
participants. Only twelve children, ages 8-12, will be 
accepted into the project. As the study progresses, the 
children will meet with other participants and compare 
ideas. If a child is unable or unwilling to continue the 
study to the end, he or she may withdraw at any time. 
Finally, to participate in this study, the children 
should not have been taught about the process of decay. 
Obviously, they will have varying degrees of knowledge from 
daily experience. Throughout the project, I ask that 
parents not provide their children with information about 
this topic. I do encourage parents to ask the children how 
it is going and to share their ideas. 
If you and your child are interested in participating 
in this study, please ask your child's teacher for a 
consent form soon. I will be completing the selection 
process within the next two weeks. Please call me if you 
have any questions (584—4160) or send a note to Wildwood. 
Thank you for your consideration. 
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Sincerely, 
Terez Waldoch 
APPENDIX C 
BEGINNING QUESTIONNAIRE 
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NAME 
DATE 
1. WHAT DO YOU THINK WILL HAPPEN? 
_ OBJECTS WILL STAY THE SAME 
_ OBJECTS WILL CHANGE 
_ SOME WILL CHANGE AND SOME WON'T 
EXPLAIN YOUR THINKING. 
2. DO YOU HAVE ANY IDEAS ABOUT WHY THIS HAPPENS? 
3. DO YOU HAVE ANY QUESTIONS ABOUT THIS PROCESS? 
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APPENDIX D 
CAGE PLACEMENT IN THE COURTYARD 
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t 
B 
Location of Cage in Courtyard 
(March 31-June 1) 
Location of Cage in Courtyard 
(June 1-June 18) 
Figure 1. Map of the Schoolyard 
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